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SUMMARY

L-O-S-T is a FORTRAN computer program that can be used to quantify,
analyze, and improve user selected harvesting methods. Harvesting times and
costs are computed for road construction, landing construction, system move
between landings, skidding, and trucking. Nonlinear harvesting relationships,
irregular boundary shapes, nonuniform timber densities, unequal distances
between multiple landings, variations in road construction conditions, changes
in trucking speeds, and harvesting restrictions (environmental, physical, and
time) can be analyzed. A linear programming formulation utilizing the rela-
tionships among marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having maximum profits.

ACKNOWLEDGMENTS

The linear programming algorithm used in L-O-S-T is a modification of one
developed by Dr. A. Ravindran, Chairman and Professor, Department of
Industrial Engineering, University of Oklahoma, Norman, Oklahoma. The
input-output format modifications to Dr. Ravindran’s program were made by
E. Wade Culver, a computer engineer employed by the U. S. Forest Service at
Auburn, Alabama, at the time of this study.




CONTENTS

Page
INTRODUGCTION .oeootiiritiiresessesseessssstessssnnestassssssssessssonmsssessssssasasassssssssssseios 1
Existing Solution TecChniqQUes ... 1
ODJECEIVES 1uvvvrerceencsiuessisermmssssessststsessetsssassasissssssstscsstasasis s s 2
HARVESTING FUNCTIONS OPTIMIZED ..cocvviiiiiiiiiniiensieinsiens 2
ROAA CONSEIUCEION  1evvveiirricirarrresneseeesstisssresesstnsssssessirssisstsssserasssessntesssssosies 2
Landing Construction and System MOVe ......coceieieniciiiinnmnnnnes: 2
SKIAGINE vrrvereereressescrsesreserissssssssisssssstsessiossssmsssssssssssissssscssesesistasassssnsaiasnas 3
TIUCKINE  +veverererereesestsrssassiasassssstetst s st siss s s st e 3
SELECTING HARVESTING METHODS ...cocoiiiiiiiniiinnicsncnines 4
Method SeleCtion .......cvveeversccisrnmienmrrnesstisiresassseesistssns yeenecsesas 4
Types of Harvesting Plans ........ccccocvcvunimiminiineniii e 4
OPTIMIZATION METHODOLOGY ...ooiiirineeiiinniniininenssnsssssseseses 5
Linear Programming Formulation ... 5
Formulation EXplanation ... 7
HARVESTING EXAMPLE PROBLEM ...t 8
Problem Description ....c.ccovreereernrsresssssisiinstesssi ittt 8
Harvesting Methods for the Example Problem ......ccccoeiiinscncninsinninnnns 8
DAta INDUL .oucoveerececcrtirinecrees s ettt sttt s 8
OULPUL ANALYSIS ..evecuriireinrririssrssiseisisisisen ettt e 9
LIMITATIONS ooveeeeiiseisresrssseseesenessessisseesasesmasansssssisssssssssessatasssssasssssessssssses 12
EXECUTING LO-S-T ororeirricrerrireesesiseisseisiosmmasssnasssssssssmsssosissssasasesasssssssssssss 12
RESULTS AND DISCUSSION .cocoiivtiininrimicnseniseseseistiniesssnntssnssasssssssssnse 13
LITERATURE CITED ..oriririreeieesicsesiessriessessssessassssnsnsssassessesassstssssiess 13
APPENDICES
1. Harvesting Equations, Data, and Cost Relationships .........ccoccusuuceusns 15
2. Determining and Using Skidding Distances ........c.coeecosiiciisicincncenine 23
3. Harvesting Example Problem Method Assumptions .........coeeeeunens 29
4. Equipment SpecifiCations ........cocviiiimmimnscnsiiiniissnesne 33
5. Data Card TYPES ....coceccrerrrrsereensesssessescsusisnensssssssessssatsississenssssn s 35
6. Harvesting Example Problem Input Data ......cccoeneicinicniiicnnniinne 43
7. Harvesting Example Problem Qutput Data ......cccoovenenvuiscniiniiiisnnnnn 49
8. L-O-S-T Program Listing .......cccccemvevenmiinnisninnninsnnissenscscsnssssnnnens 57




FIGURES

Figure
No. Page

1

The Tennessee Valley Region (Tennessee, Kentucky, North Carolina,
Virginia, Georgia, Alabama, & MississiPPi) ....ccccooveririirnrninnirinienenenecienan 3

2 Truck road construction, system move between landings,
skidding, trucking, and landing construction times
are computed in L-O-S-T ..ot sasssesessesssne 4
3 Felling, bucking, skid road construction, and bunching
times are not computed in L-O-S-T' .....ooovverininiciiiniinmniccnntrcc e 3
4 Decking, loading, move-in, and unloading times are
not computed in L-O-S-T ........ e everereerereseereinresseseseseesserteesteeserenetasittesabeeentseetiteisstenanerans 6
5 Assumed harvest cost relationships with respect to
the optimum location of roads and landings ........ccceevivviniviiineciintreireer s 6
6 Relationships among isoquants, activity rays,
and harvesting functions ... e 6
7 Error relationships involved in using the formulation ..., 7
8 Harvesting example problem .........ccocrervrcnsienininiinn s 8
9 Stand densities and acres for the harvesting problem .......cccooevvviiiirivinniicnsirnsenincns 9
10 Road, landing, and area locations used in method 1 .......coeevimimniniiiininciiiiinicrcens 10
11 Road, landing, and area locations used in method 2 ....c..ccvvvevvvvinniinincnninnnnsiennnens 11
12 Road, landing, and area locations used inmethod 3 ........cccoeviiniinniininniennnnininennn, 12
13 Road, landing, and area locations used in method 4 .......ccccccviiiineciniininnniiniiiinienn. 13
I Relationship among average skidding distance, actual
travel distance, and fixed skidding distance .............ccceceverercnerieiieninnninens ererreeeeaeaane 25
II Average skidding distance equations for areas with
simple geometric SHAPES ......ccccveeirrcniric e 26
II1 Graphic method for determining average skidding distance
when landing is on boundary edge .....c.ccoeeieveirieniininin e 27
TABLES
Table
No. Page
I Harvest hours for the four methods .......cccceccvviiniinininiiin e 10
1 Observed skidding volumes by horsepower .........cccccecevvminnirnnmnne . 17
2 Average truck speed versus road type ......ccciiieiniienenine e 18
3 Load characteristics for trucks hauling logs
(OF tree 1ength SEEIMS) ...c.coiiierircrric s et e st st ae e 19
4 Load characteristics for trucks hauling pulpwood
(bolts, 21-foot stems, or tree-length material) .......ccccccoocnrcnnniiinniiininnees 19
5 Harvesting equipment assumptions ......cceeccviimimniiiiiniiiiiisesscsntnesnnnrsesssnssnesssssen 29
6 R0ad Se@MeENt dAtaA ......c.cccereveeinreneniiiiinincceiinie e et st b et s 29
7 Landing construction data ............. eeeereesesestseatit e oot e A e st e b e st e b e R e b s eh s s b e b e n bR Rren 29
8 Skidding data for method 1 .......c.cvciniciniiiniinine sttt 30
9 Skidding data for method 2 .......c.ccccecrereniiiiinine e 30
10 Skidding data for method 3 ... e 31
11 Skidding data for method 4 ..........cccvvvvniinreiniinisnnecnnenne, feeseeeeeeessta et eete s s ba e e sanneneeesn 31
12 Equipment horsepower and weight characteristics for
selected Crawler traCtOrsS ...vciiciiiiceeineiericre sttt sss s bt eas e be s e aessasssbenanes 33

13

Equipment horsepower and weight characteristics for
selected rubber-tired SKidders ........cccoreerreeerirrriinitii e 34




L-O-S-T: Logging Optimization
Selection Technique

Jerry L. Koger and Dennis B. Webster

INTRODUCTION

An age-old problem for timber harvesters is that of
selecting the location for roads and landmgs that will
maximize profits. This complex problem is partially
due to: 1) nonlinear harvesting relationships, 2) non-
uniform terrain and timber characteristics, 3) irregu-
lar tract boundaries with interior obstacles, and 4) the
lack of a general mathematical expression describing
total costs as a function of road densities, landing
spacings, skidding distances, and equipment mixes.

Existing Solution Techniques

One of the earliest mathematical attempts to mini-
mize harvesting costs was by Matthews (1942). To
simplify the problem, he assumed: 1) the forest
boundary could be approximated by simple geometric
shapes, 2) linear cost relationships, 3) equal spacings
between multiple landings, and 4) uniform slopes and
timber densities. Using an indirect method, Mat-
thews determined the optimum location of roads and
landings by using calculus to obtain the minimum of
unconstrained equations. Peters (1978) extended this
approach by developing a direct method to determine
optimum location of roads and landings. Although
Peters used most of Matthews’ assumptions, he
included landing costs and used a mathematically
accurate method developed by Suddarth (1952) for
determining average skidding distance. Corcoran and
Sammis (1975) developed a computer program to
solve the road and landing spacing equations devel-
oped by Matthews. Their computer program solves
two equations in two unknowns-through a heuristi-
cally iterative procedure.

Operations research techniques were used very
early by Lussier (1960, 1961) to minimize harvesting
costs. He developed equations useful in determining
the optimum number of landings, the distance
between skid roads, and optimum skid road stand-
ards. Lussier also discussed several limitations on

using a strictly mathematical approach and in mak-
ing simplified assumptions in solving harvesting
problems.

Gibson and Egging (1973) developed a location-
allocation model for determining the optimal number
and location of landings when using rubber-tired skid-
ders. A truncated enumeration algorithm was used in
the allocation phase to search systematically for a
local optimum solution. Dynamic programming and a
branch and bound methodology were used to find the
global optimal solution.

Dykstra (1976) used mathematical and heuristic
programming to determine the design of individual
cutting units and the assignment of specific logging
equipment to each cutting unit. He assumed that
timber within each ‘‘type island” was homogenous
and uniformly distributed and that only cable sys-
tems would be used to harvest timber on clearcuts.
He also developed a digital model to portray topogra-
phy, timber conditions, and harvest restrictions.

Carter et al. (1973) developed a computer model to
determine the optimum spacings of roads and land-
ings. Their work involved minimizing harvesting
costs in the Rocky Mountain area where timber was
accessible either by contour work-roads or switch-
backs. An iteration solution technique was used to
find simultaneous zero points of the partial deriva-
tives of the road and landing spacing equations.

Several simulation models have been developed to
analyze timber harvesting problems. However, most
simulation models consider only a single landing and
are not specifically developed to determine the opti-
mum location of roads and landings. Several simula-
tion models [Forest Harvesting Simulation Model
(FHSM), Harvesting System Simulator (HSS), Simu-
lation Applied to Logging Systems (SAPLOS), and
Timber Harvesting and Transport Simulator
(THATS)] were evaluated by Goulet et al. (1980). !

Weintraub and Navon (1976) developed a mixed
integer linear programming model to maximize dis-
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counted revenues from timber sales. Road construc-
tion and maintenance, timber management, and
transportation were considered. The model was devel-
oped as a tool for decision in long range forest plan-
ning. Constraints were allowed on available capital,
quantity of timber harvested, haul capacity of each
road, and stand access. Kirby (1974) and Newnham
(1975) also developed mathematical programming
models useful in the long-range planning of harvest-
ing operations.

Objectives

Existing techniques have provided useful insights
into optimum timber harvesting strategies. For har-
vesting specific tracts of timber by ground-based
skidding systems, these models are limited. Realistic
harvesting costs often are not computed because
overly simplified assumptions are made concerning
stand boundary shapes, slopes, timber characteris-
tics, and harvesting methods. The objectives of this
study were to: 1) develop a computer program capa-
ble of determining realistic harvesting times and
costs for highly individualistic conditions, and 2) uti-
lize these harvesting times and costs, as well as har-
vesting constraints, in a unique linear programming
formulation to obtain maximum profits. This FOR-
TRAN computer model is titled L-O-S-T, an acronym
for logging optimization selection technique.

HARVESTING FUNCTIONS OPTIMIZED

Although the methodology used to compute har-
vesting times and the linear programming formula-
tion are general, the equations used to compute har-
vesting times are based on data collected in the Ten-
nessee Valley Region (fig. 1). Harvesting times and
costs are only calculated for road construction, land-
ing construction, system move between landings,
skidding, and trucking (fig. 2). Their relationships to
selecting harvesting methods and the linear program-
ming formulation are discussed in later sections.
Costs are not calculated for felling, bucking, and load-
ing (figs. 3 and 4) because those costs are not assumed
to be significantly affected by the locations of roads
and landings. The assumed general relationships
among various harvesting activities and harvesting
costs optimizations are shown in figure 5.

Road Construction

Construction of truck roads within the harvest
boundary reduces skidding costs, but increases road
construction, landing construction, system move,
and trucking costs. In L-O-S-T, a road is considered
18 a low volume, temporary structure constructed
solely for removing trees. If a high volume road is

-

constructed with a design standard or life expectancy
greater than that needed for timber harvesting, then
the cost of the road must be adjusted to reflect only
timber harvesting. The equation (Al, appendix 1)
used to compute road construction times was devel-
oped by Koger (1978) from data collected in the Ten-
nessee Valley Region.

Due to irregular terrain, construction conditions
are seldom uniform over the entire road network. In
order to determine more accurately construction
costs, the road can be divided into short segments.
These segments reflect differences in bank cubic
yards, road slope (grade), or construction problems
caused by rock or dense timber.

Although the number of bank cubic yards removed
for making the roadbed is a variable, it does not have
to be computed by the user. However, the user must
supply roadbed width, side-hill slope, cut-slope ratio,
and fill-slope ratio. This information is used in an
equation reported by Bowman et al. (1975) to calcu-
late bank cubic yards. Another variable, the number
of acres in the road right-of-way, is also calculated for
the user.

The construction of skid trails or skid roads for use
by rubber-tired skidders is not computed in L-O-S-T.
Skid road costs are assumed to be independent of the
locations of truck roads and landings.

Landing Construction and System Move

Landings are usually constructed in conjunction
with the road system, primarily as storage and load-
ing areas for the skidded trees. Increasing landings
decreases skidding costs, but increases system move,
landing construction, and trucking costs. The equa-
tion used to compute landing construction times is a
modification of the road construction equation (A1,
appendix 1). The landing size in acres is converted to
an “equivalent” road length based on an assumed
cleared road width of 26.7 feet. An average cleared
road width of 26.7 feet was observed in a study of
logging roads in the Tennessee Valley Region (Koger
1978). A road construction condition factor of 3,000 is
used (variable X6). In addition, the depth of the cut to
level the landing site is assumed to be uniform across
the landing area.

System move costs are those involved in moving
equipment such as loaders, crawler tractors used for
decking or landing maintenance, and shop trucks to
the next landing. These costs are related to the dist-
ance and road condition between landings, the
amount and type of equipment, and the hourly cost of
the equipment and associated labor. Skidders may be
included if they travel unloaded to the next landing
site. Haul trucks are not included. If only one landing
is used, system move costs are assumed to be zero.
Move-in costs are not considered because they are
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Figure 1.—The Tennessee Valley Region (Tennessee, Kentucky, Virginia, North Carolina, Georgia, Alabama, & Mississippi).

assumed to be approximately constant with whatever
the locations of roads and landings.

In the linear programming formulation, landing
construction and system move times are considered
together. Since a relationship exists between these
two costs, it is perhaps easier to think of them jointly
rather than separately. Equation A5 (appendix 1) is
used to compute a weighted time for landing con-
struction and system move between landings.

Skidding

Skidding costs depend largely on skidding dist-
ance, which can be controlled through the locations of
roads and landings. Skidding costs decrease as the
density of roads and landings increases. The equation
(A3, appendix 1) used to compute skidding times was
developed by Koger (1976) for articulated, four-wheel
drive, rubber-tired skidders operating in the Tennes-
see Valley Region. The range of observed volumes
skidded in this region is shown in table 1 (appendix 1).
Techniques available to compute average skidding
distance are described in appendix 2. The differences

among average skidding distance, the distance
actually traveled by the skidder, and fixed skidding
distance are also discussed.

Trucking

Trucking over roads within the harvest boundary
reduces skidding costs but increases trucking, road
construction, landing construction, and system move
costs. The trucking speeds and load volumes shown
in tables 2 — 4 (appendix 1) are based on data collected
in the Tennessee Valley Region by Koger (1981). With
respect to the optimum location of roads and land-
ings, it is not necessary to compute trucking costs
from the mill to the edge of the harvest boundary.
This distance remains constant and is not affected by
the road density or trucking pattern inside the har-
vest boundary. However, trucking costs are com-
puted from each landing to the mill or delivery point
because calculating these costs: 1) does not change
the optimum location of roads and landings, 2) may
alert the user to consider other routes from the mill to
the harvest boundary, and 38) provides the user with
an estimate of total trucking costs.




Figure 2.—Truck road construction, system move between landings, skidding, trucking, and landing construction times are computed in L-O-S-T.

SELECTING HARVESTING METHODS

Method Selection

The user must determine either two, three, or four
different—but realistic—harvesting methods. These
different methods can be viewed as harvesting or
transportation plans. As a rule this requires drawing
the boundary, stand densities, harvesting restric-
tions, road and landing locations, and skidding pat-
terns on a topographic map. The methods should be
selected so that road density (or road length) is at a
minimum for the first method and at a maximum for
the last method. Intermediate methods should be
between these limits. Truck roads can be divided into
segments to reflect differences in sidehill slope, road
slope (grade), road width, or other construction fac-
tors. The size, construction condition, and distance
from the harvest boundary is needed for each landing.
The skidding pattern must be determined for each

area and all landings. An area is a subdivision of a
stand and its boundary is used in determining aver-
age skidding distance. Areas should be numbered
consecutively within a stand and numbered so that
no two areas have the same area number. An area can
be subdivided into two or more new areas to reflect
changes in skidding patterns among landings for dif-
ferent methods. The complexity of harvesting prob-
lems and the level of detail or realism required by the
user is reflected in the number of areas selected.

Types of Harvesting Plans

L-O-S-T is capable of analyzing most ground-based
plans including: 1) single road extension, 2) variable
landing spacings along a fixed road length, 3) parallel
roads, 4) multiple contour roads, 5) spur road exten-
sions from major roads, and 6) climbing roads with
switchbacks. The only requirement for analyzing any
harvesting plan is that some relationship of road




Figure 3.—Felling, bucking, skid road construction, and bunching times are not computed in L-O-S-T.

length and skidding exists between adjacent harvest-
ing methods. From a silviculture perspective these
harvesting plans could be for individual tree selec-
tion, group selection, diameter limit, financial matu-
rity, or clear cuts. Once a cutting practice has been
selected for an area in one method, it must remain the
same in all the remaining methods. More than one dif-
ferent cutting practice may be used within a stand or

harvest boundary.

OPTIMIZATION METHODOLOGY

Linear Programming Formulation

After the hours required for road construction,
landing construction, system move between landings,
skidding, and trucking have been calculated for each
method, they are utilized in a linear programming
formulation (equations 1—6). The formulation deter-

mines the proportion (N of each method that should
be used. The formulation used in L-O-S-T is a slight
modification of McCarl’s (1979) and is also very simi-
lar to those developed by Allen (1956) and Chiang
(1974).

Maximize: Z=PQ,~ LCH, (1)
Subject to: Qo- ZQ\, o (@)
EX N -H, o (3)
Q =Q, )
I\, =1 (5)
<

H Sy, ®

QOy Qm’ xmr Hi :0

where: Z =objective function
P =delivered price of the harvested timber (ie. $/
1,000 board feet)




Figure 4.—Decking, loading, move-in, and unloading times are not computed in L-O-S-T.

HARVESTING COSTS ($/UNIT)

MINIMUM COST POINT

TRUCK ROAD
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TRUCKING
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== SKIDDING

SKID RCAD CONSTRUCTIO
LOADING & UNLOADING

FELLING & BUCKING
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LENGTH OF CONSTRUCTED ROADS (FEET)

Figure 5.—Assumed harvest cost relationships with respect to the

optimum location of roads and landings (Note: fixed
costs lines are in an arbitrary order).
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SKIDDING HOURS

© ROAD CONSTRUCTION HOURS R

Figure 6.—Relationships among isoquants, activity rays, and har-
vesting functions.




Q. = volume of timber harvested (ie. board feet)

C, =hourly equipment and labor cost for the i th
activity (i=1 for road construction, i=2 for
landing construction and system move, i=3

) for skidding, and i=4 for trucking

H, =the total number of hours of the i th activity

used by all harvesting methods

the proportion of the m th method used to

harvest the total volume of timber (a decision

variable)

X, =the number of hours for the i th harvesting
activity of the m th method

b, =maximum number of hours allowed for theith
harvesting activity

N

m =

Formulation Explanation

The relationships among the formulation (equa-
tions 1— 6), harvesting times, and harvesting meth-
ods are shown in figure 6. Assume that a boundary of
timber can be harvested by one of four methods (M1,
M2, M3, or M4). For simplicity in graphing, only the
harvesting activities of skidding (the hours required
are mapped on the OS axis) ‘and road construction
(the hours required are mapped on the OR axis) will
be considered. The volume of timber harvested is
constant and represented by the isoquant BC. Fewer
hours of skidding are required as the hours of road
construction increases. The harvesting methods can
be considered as activity rays (OM1, OM2, OM3, &
OM4) with four activity vectors:

TS1T 0o 527 pao 537 pas [54
P1= [m] P2= [RZ] P3- [R3] P4= [R Al

Each activity vector shows a distinct input ratio
capable of yielding a constant volume of harvested
timber (isoquant BC). Thus, P1 indicates that method
1 (M1) is used to harvest all of the timber. This formu-
lation assumes that it is also possible to harvest tim-
ber in various convex combinations such as:
(4Pl + % P2).

This means that a new method can be determined
which uses ¥ of the skidding hours of method 1, plus
% of the skidding hours of method 2, plus ¥ of the
road construction hours of method 1, plus % of the
road construction hours for method 2. Graphically,
this means that the ratios for the combined processes
must lie on the dashed line segments (P1P2, P2P3,
P3P4). Assume that the optimum combination of
skidding and road construction hours is at point K1
on activity ray OK. Due to the convex nature of the
production function represented by the isoquant BC,
point K1 is not on BC. The difference between K1 and
K2 on the activity ray OK represents the error
involved in attempting to solve a nonlinear convex
production -function with a linear approximation.

3

FORMULATION ERROR
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Figure 7.—Error relationships involved in using the formulation.

This error is not considered to be significant; its rela-
tionships to the formulation, harvesting methods,
and harvesting costs are shown in figure 7. The for-
mulation will pick only one method or a linear convex
combination of adjacent methods (Allen 1956; Chiang
1974).

The assumptions of linear programming (additiv-
ity, linearity, divisibility, finiteness, and single-value
expectations) are basically those used in the tradi-
tional marginal analysis of the firm. For timber har-
vesting, a specific method has a constant and linear
proportionality between hours worked and volume
harvested. Fractional hours worked can result in a
fractional volume harvested. Finiteness means there
are limits to the number of hours permitted to har-
vest a boundary of timber. The single-value expecta-
tion assumption assumes realistically that the quan-
tity of timber harvested and its selling price is
known. Another basic assumption is that the volume
of timber harvested is not dependent on the harvest-
ing method. This results in a fixed output indepen-
dent of the number of hours required for road con-
struction, landing construction, system move, skid-
ding, and trucking.




HARVESTING EXAMPLE PROBLEM

Problem Description

An example problem has been developed to help
illustrate the procedures used to select different har-
vesting methods, data input requirements, linear
programming formulation, and program output. Spe-
cifically, the problem is to maximize profit by deter-
mining the least cost harvesting method for the
boundary of timber shown in figure 8. The timber is
to be harvested by a crawler tractor, two rubber-tired,
cable skidders, and two trucks (table 5, appendix 3).
Selected equipment weight and horsepower charac-
teristics are given in appendix 4. The problem is suffi-
ciently realistic to be interesting and complex enough
to prevent the formulation of a general mathematical
expression that could be differentiated to obtain mini-
mum costs. The complexity of the problem is
increased by: 1) an irregular boundary, 2) nonuniform
timber densities or timber stands (fig. 9), 3) elevation
changes, 4) restrictions on streambed crossings, 5)
unequal costs for different road segments and land-
ings, 6) unequal distances between landings, 7) nonli-
near skidding costs, 8) decreases in truck travel
speeds as the length of the road constructed inside
the harvest boundary increases, and 9) restrictions on
the time permitted for road construction (120 hours)
and skidding (600 hours).

Harvesting Methods for the Example Problem

For the first method, a woods road was con-
structed 350 feet inside the harvest boundary and one
landing constructed at location A (fig. 10). All the
areas were skidded to this landing. Compared to the
other methods, this method minimizes costs for road
construction, landing construction, trucking, and

system move, but maximizes skidding costs. For the
second method, a woods road was constructed 2,525
feet inside the harvest boundary and landings con-
structed at locations A and B (fig. 11). Areas 1, 3, and
4 were skidded to landing A and the remaining areas
skidded to landing B. It is important to recognize
that areas can be subdivided to reflect changes in
skidding patterns for different methods. For exam-
ple, area 2 used in method 1 was subdivided into
areas 3 and 6 for method 2. Area 3 was skidded to
landing A, but area 6 was skidded to landing B. For
the third method, a woods road was constructed
3,875 feet inside the harvest boundary and landings
constructed at locations A, B, and C (fig. 12). Areas1,
3, and 4 were skidded to landing A and areas 5, 6, 7, 8,
and 9 skidded to landing B. The remaining areas were
skidded to landing C. For the fourth method, a woods
road was constructed 6,775 feet inside the harvest
boundary and landings constructed at locations A, B,
C, and D (fig. 13). Areas 1, 3, and 4 were skidded to
landing A; areas 5, 6, 7, 8, and 9 to landing B; areas
10, 11, 15, and 19 to landing C; and areas 16, 17, 20,
21, 22, and 23 to landing D. Area 18 in methods 1~ 3
was subdivided into areas 19 and 20 to reflect
changes in skidding patterns for method 4. Compared
to other methods, this method minimizes skidding
costs, but maximizes road construction, landing con-
struction, system move, and trucking costs. A sum-
mary of several calculated and assumed values for
each of these methods is given in appendix 3 (tables
6-11).

Data Input

For each method selected, specific input informa-
tion is required on road construction, landing con-
struction, system move between landings, skidding,
trucking, and equipment costs. Sixteen data ‘‘card

-~ Boundary Line

© Boundary Corners (1—9)

Landing Location (proposed: A~ D) I Woods Road Segment (a~— =~
Acres: 283 2 W.:oc;:gRo::.L::l(lion (proposed) ) AP " d S d p(. l-) 9(1—4) @
Map Scale: 1"=660’ « Elevation

Figure 8.—Harvesting example problem.




types’”’ are required for each analysis of a boundary of
timber to be harvested. An additional card type is
required if constraints are placed on the number of
hours allowed for any of the pertinent harvesting
activities. These different card types are described in
detail in appendix 5. The complete input data used to
analyze the hypothetical example is shown in appen-
dix 6. The values shown for average skidding distance
were based on the harvest patterns for the different
areas and landing locations in figures 10—13. Aver-
age skidding distances were determined using a
BASIC program written for use on an HP 9830A!
calculator and HP 9864A digitizer.

Output Analysis

The computer output for the harvesting example
problem is shown in appendix 7. The output consists
of: 1) an echo check of the input data, 2) harvesting
times and costs, and 3) the linear programming solu-
tion and sensivity analysis.

Road construction times and costs, the number of
bank cubic yards, and acres cleared for the road-right-
of-way are given for each segment. Road construction
costs are: $170 for method 1 ($2,565 per mile); $1,061
for method 2 (82,219 per mile); $1,625 for method 3
(82,214 per mile); and $2,910 for method 4 ($2,268 per
mile). The easiest way to modify road construction
costs without changing the road design or road con-
struction equipment characteristics is through the
input variable ROADTY (card type 10, appendix 5).
Although guidelines are provided for estimating
ROADTY, a value should be selected that gives

"The use of trade or corporate names is for reader association and
convenience. Such does not constitute an official evaluation, con-
clusion, recommendation, endorsement, or approval of any product
or service to the exclusion of others which may be suitable.

reasonable cost estimates based on the user’s experi-
ence or modeling needs.

Landing construction and system move times and
costs are computed for each landing. Landing con-
struction costs are: $56.27 for method 1; $89.64 for
method 2; $118.73 for method 3; and $150.83 for
method 4. The simplest way to influence landing con-
struction costs without changing the landing design
or landing construction equipment characteristics is
through the input variable EFFL (card type 12,
appendix 5). System move costs are: $0.0 for method
1; $101.26 for method 2;.$192.39 for method 3; and
$303.78 for method 4.

Skidding times and costs are computed for each
skidder on each area and summarized by area, land-
ing, and method. The number of cycles and average
cycle time are also given. The skidding costs are:
$28,769.13 for method 1; $18,076.16 for method 2;
$15,471.31 for method 3; and $10,950.56 for method
4. The easiest way to modify skidding times without
changing skidder characteristics, skid load volumes,
or skidding distances is through the input variable,
AD (card type 13, appendix 5).

In addition to skidding times and costs, average
skidding distance, fixed skidding distance, and
weighted actual travel skidding distances are summa-
rized by landing and method. In most cases the great-
est potential for reducing skidding times is through a
reduction of average fixed skidding distance. In the
harvesting example problem, average skidding dist-
ance only decreased from 686 feet for method 1 to 550
feet for method 4. However, average fixed skidding
distance decreased form 4,296 feet for method 1 to
759 feet for method 4. This drastic reduction in aver-
age fixed skidding distance was largely responsible
for skidding times decreasing from 659.75 hours for
method 1 to 264.83 hours for method 4. Weighted
average travel skidding distance is computed by mul-

Stand 2 37 Acres

79 Acres
Stand 1 ;50 Bd"/Acro

®

® * @
Harvest Boundary Line

Scale: 1" ~ 660’

Total Acres:283

Yotal Harvest Volume: 567,500 Board Feel (Ya” i)

2,000 Batt/Acre

37 Acres
3,000 Batt [Acrs

Stand &

W Boundary Comners @

Figure 9.—Stand densities and acres for the harvesting problem.




Skidding Pattern:
Aress 1,2,4,5,7-14,18 & 21-23 to Landing [A]

Road Construction:
Segments a~-b

®

Landing Construction:
Landing at A

Figure 10.—Road, landing, and area locations used in method 1.

tiplying average skidding distance by the skidding
correction factor for each area. This product is added
to to the fixed skidding distance on each area and
then multiplied by the volume for that area in order
to obtain a weighted value.

The number of acres and volume of timber har-
vested for each method are provided as information
and as checks on the accuracy of data input. The

number of acres for each method must be the same _

and the volume harvested for each method must be
the same. In this example, 283 acres and 567,500
board feet (V4" Int.) were harvested for each method.
The linear programming formulation requires that an
equal volume of timber be harvested in each method.

Trucking times and costs are shown for each truck
and are summarized by landing and method. In addi-
tion, cycle times and number of loads required for
each truck are given. Trucking costs for each method
are: $17,182.48 for method 1; $17,913.40 for method
2; $18,277.16 for method 3; and $18,774.91 for
method 4. In this case the construction of four land-
ings and 6,775 feet of woods roads only increased
trucking costs by $1,592.43.

A method summary giving the hours, costs per
harvesting unit for each function, total costs, and
total costs per harvesting unit is provided in the out-
put. The total harvesting costs per thousand board
feet (%" Int.) for road construction, landing construc-
tion and system move, skidding, and trucking are:
$81.37 for method 1; $65.62 for method 2; $62.79 for
method 3; and $58.31 for method 4. The hours
required for each harvest function considered in L-O-
S-T are shown in table I and are used to illustrate a
numerical example of the linear programming formu-
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lation {equations 7 — 16). The formulation can also be
seen in the output (appendix 7) as the first iteration of
the linear programming tableaus.

Table 1.—Harvest hours for the four methods

Harvest Method1 Method 2 Method 3 Method 4
Function thours) (hours) thours) (hours)
Road construction 7.86 49.07 75.12 134.55
Landing construction

& system move 0.78 2.64 4.31 6.29
Skidding 695.75 437.15 374.16 264.83
Trucking 429.56 447.83 455.68 469.37

After 18 iterations the optimum linear program-
ming solution consisted of 24 % of method 3 and 76%.
of method 4. The optimum method (not a global opti-
mum) used 120 hours of road construction, 5.8 hours
of landing construction and system move, 292 hours
of skidding, and 466 hours of trucking. The linear
programming solution does not give the exact physi-
cal location of the roads, landings, and skidding pat-
terns. However, the output ¢an be used to help locate
the road, landings, and skidding patterns for a new
method consisting of 24% of method 3 and 76% of
method 4. Since 102.2 hours were required to con-
struct the road to the end of segment h-i, then 17.8
hours (120.0-102.2) or 909 feet of segment i-j can be
constructed. The road should be constructed 2,159
feet beyond landing C. Landing D would be located
6,034 feet from the harvest boundary; whereas it was
originally located 6,775 feet. The skidding patterns
would stay the same for landings A and B, and proba-
bly C. However, the skidding patterns would change
for landing D. If another computer analysis were
made in order to obtain a better estimate, then meth-




Skidding Pattern: Road Construction: Landing Construction:
:::: égx‘:&m—n%}um Segments 8- Landings st AAD
Figure 11.—Road, landing, and area locations used in method 2.
Linear programming equations for the harvesting example problem:
Maximize Z:
$95.00 Q. _$21.63H, —$72.26 H, —$41.36 H, — $40.00 H, (7
<
1.00 Q. —567.50 \, — 567.50 A\, — 567.50 \, —567.50 A, _ = 0.00 (8)
<
7.86\ 49.07n, 75.12A, 134.55 A, -1.00 H, = 0.00 9)
<
0.78 N\ 2.64 X\, 4.31 N\ 6.29 A\, ~1.00 H; = 0.00 (10
<
695.75\, 437.15 A 374.16\, 264.83\ ~1.00H, = 0.00 {11)
<
429.56 \, 447.83\, 455.68\, 469.37 A\, -1.00H, = 0.00 (12
<
1.00 Q. 0.00 \ 0.00 \; 0.00 »; 0.00 \, =567.60 (13)
(volume)
<
1.00 A\, 1.00 A\, 1.00 \s 1.00 A\, = 100 (14)
{methods)
<
1.00H, =120.00 (15)
(road
construction)
<
1.00 H, =600.00 (16)
{skidding)

>
where: Qo, Ay, Hi =0
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ods 1 and 2 should be eliminated. Two new methods
should be selected between the original methods 3
and 4. The original method 3 would become the new
method 1. By keeping two of the original methods,
the amount of new input data needed is reduced and
the search area can be systematically analyzed.

Harvesting costs for the optimum method were
$59.41 per thousand board feet {4” Int.). If the con-
straint on road construction (120 hours) were not
binding, then all of method 4 could have been used
and harvesting costs would have been $58.31 per
thousand board feet. Binding constraints always
cause an increase in costs. However, the optimum
method selected by the linear program (24% of
method 3 and 76% of method 4) is still better than the
method 1 ($81.37), method 2 ($65.62), or method 3
($62.79).

The sensivity analysis in L-O-S-T consists of pen-
alty costs, shadow prices, and ranges on all the cost
coefficients and constraints. The formulation used in
L-O-S-T and the original input format of the linear
program algorithm make it difficult to correlate the
variable codes in the sensivity analysis with the cor-
rect harvesting costs and constraints. However,
users familiar with sensivity analysis should be able
to interpret these results in L-O-S-T. In this formula-
tion shadow prices are always zero because all the
timber can be harvested by the number of hours com-
puted for each method. The hourly costs of the har-
vesting functions are always non-basic. In this exam-
ple, the hourly cost of road construction can increase
from $21.63 to $64.43 without changing the optimum
solution. This implies that the same road could have
been constructed to a higher standard or that more
roads should be constructed. The method summary
costs also indicated that more roads and landings
should be constructed.

LIMITATIONS

The linear programming solution calculated in L-O-
S-T is not a global optimum or the absolute best of all
possible harvesting methods. The program deter-
mines the “best” method based on the methods sup-
plied by the user. Equipment interactions resulting in
production delays are not calculated by the program.
The effects of equipment interactions must be sup-
plied indirectly by the user through equipment effi-
ciency and area difficulty factors. Harvesting costs
are calculated only for road construction, landing
construction, system move between landings, skid-
ding, and trucking. While this does not limit the
optimization process, an estimate of total harvesting
costs is not provided.

EXECUTING L-O-S-T

L-O-S-T is written in FORTRAN IV and is being
run under WATFIV on an IBM 3031 at Auburn Uni-
versity. With a modest amount of additional effort,
the program could be converted for use on similar
computer systems. The example problem described in
this report required 264K of storage, used 3.38 sec-
onds of CPU time, and cost about one dollar to run.
The FORTRAN source statements used in L-O-S-T
are shown in appendix 8. A punched and interpreted
source deck (1,914 cards) can be obtained from: Engi-
neering Research Unit, G. W. Andrews Forestry Sci-
ences Laboratory, U. S. Forest Service, Devall Street,
Auburn University, Alabama 36849. Phone (205) 887-
7542, (FTS) 534-4518.

———— v

Skidding Pattern:
Areas 1,344 to Landing (A]

Areas 5,6, 7 849 to Landing [

Areas 10-14,18 & 21-23 to Landing [C]

Road Construction:
Segments a~h

e s

— oy,

®

Landing Construction
Landings at A,BAC

Figure 12.—Road, landing, and area locations used in method 3.
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RESULTS AND DISCUSSION

A two-part methodology has been developed to
analyze user selected harvesting methods. The first
part of this methodology considers very specific and
realistic harvesting conditions: terrain features,
boundary shapes, roads, landings, skidding patterns,
and environmental restrictions. Harvesting times
and costs are computed for road construction, land-
ing construction, system move between landings,
skidding, and trucking. The second part of the metho-
dology uses these harvesting times in a linear pro-
gramming formulation. The formulation utilizes the
relationships among the harvesting methods to esti-
mate and select the harvesting procedure having
maximum profits.

Since the analysis performed by L-O-S-T depends
on the harvesting methods selected by the users, itis
important that users have some knowledge and
experience in developing harvesting plans. Time and
effort spent in selecting realistic harvesting plans will
enable the output from L-O-S-T to be used with
greater confidence by managers of harvesting opera-
tions.

L-O-S-T does not provide a global optimum with
each computer analysis. Theoretically, the procedures
used would, through repeated computer runs, find the
ultimate harvesting method having maximum prof-
its. L-O-S-T does provide a local optimum and a
wealth of information for selecting a better harvest-
ing method. Searching for the elusive global optimum
has some academic merit; however, selecting feasible
harvesting plans and then systematically quantify-
ing, analyzing, and improving them has greater prac-
tical applications.
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Appendix 1—Harvesting Equations, Data, and Cost Relationships

HARVESTING EQUATIONS AND DATA

road construction equation: (Koger, equation 3, pg 30, 1978)

0.5
X1] 0.524 | X2/(X3X4) + 12.668 | X5/(X3X4)
X6
T =
(A1)
X7
where: T = predicted road constructed time in hours
X1 = road length in feet
X2 = number of bank cubic yards per 1,000 feet of road length
X3 = slope correction factor estimated by:
2
1.000 - (% road slope/100) - 0.0001952 (% road slope/100)
note: % road slope (+, =) is in direction of road construction
X4 = net horsepower of crawler tractor (Table 12, Appendix 4)
X5 = number of acres of cleared road width per 1,000 feet of road length
X6 = road construction difficulty factor with suggested values of:

10 for high volume truck road or low volume road constructed
~ adverse conditions
500 for low volume truck road constructed under average
conditions
1,000 for low volume skid road constructed under average
conditions
2,000 for upgrading existing low volume skid road under average

conditions
3,000 for low volume landing constructed under average conditions

note: intermediate values (ie. 520, 750) can be used

X7 = (equipment availability)(equipment utilization), with suggested
values of’:
0.50 for low availability and utilization
0.85 for average availability and utilization
0.95 for high availability and utilization

note: only the variables X1, X4, X6, and X7 are required as user supplied
inputs. The variables X2, X3, and X5 are calculated by the program.
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rubber-tired skidder equation (Koger, equation 2, pg 31, 1976)

-3
"

(travel empty + travel loaded + fixed cycle time)/efficency (A2)

c d e f g

C (1+b) E (1+sin(F)) G +
h i

H I

a b
0.0584037 A B

-3
'

jJ k 1 m n o p
0.00005166 J A B (14D) E [1+sin(-F)] G +
q r s
H C I

(A3)

~
i

cycle time in minutes

one-way skidding distance in feet

radius of curvature in feet (used average study value of 483.99)
net skidder horsepower (Table 13, Appendix 4)

rut depth in inches (used average study value of 6.26)

harvest elevation in feet (used average study value of 1,547.13)
trail slope in degrees(measured in travel loaded direction)
empty skidder weight in pounds (use constant of 20,400)

cone index of soil (used average study value of 192.23

arc length in feet (used average study value of 131.59)

board feet per cycle (14 " Int.)

fixed time per cycle in minutes for hooking, decking, etec.
(equipment availability)(equipment utilization), or

equipment efficiency

where;

T
A
B
C
D
E
F
G
H
I
J
K
L

exponents a through s:

a=1.022449; b=3.549048; c¢=1.317563; d=0.223969; e=0.180727
£=2.156775; g=0.177384; h=0.183381; i=6.943695; j=0.110305
k=1.098034; 1=3.472234; m=0.116935; n=0.098604; 0=0.681159
p=3.234567; q=0.067053; r=3.157504; s=7.456998

note: Variables B, D, E, G, H, and I remain constant in the program and do
not have to be supplied as inputs by the user.
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trucking equation

The following equation is used to calculate truck cycle time from landings
to the delivery point (mill).

Yij= 0

+ _0 + X + X, +K (A4)

i i J

Sj

where: Yij =

~
"

F. ,
J (Ej(1+Ci))/2 (Lj(1+Ci))/2

round trip truck time in hours from the i th landing

for the j th truck

one-way distance in miles over roads outside the

harvest boundary

average empty travel speed in miles per hour for the j th truck
over sections outside the harvest boundary (woods to mill)
average loaded travel speed in miles per hour for the j th truck
over sections outside the harvest boundary (woods to mill)
distance in miles from beginning of harvest boundary to

the i th landing

empty travel speed in miles per hour over the woods road for
the j th truck

ratio of ending travel speed to beginning travel speed

as measured from beginning of harvest boundary to the i th landing
loaded travel speed in miles per hour over the woods road for
the j th truck

fixed time per cycle in hours for the j th truck

trucking data

Table 2.-- Average truck speed versus road type*

Average Average

Empty Loaded

Speed Speed
Type of Road (mph) (mph)
Woods o.34 5.35
Gravel 16.23 13.89
Two-lane blacktop 38.76 33.78
Interstate 55.00 45.82
City 23.97 21.44

¥ (Koger, Table 1, pg 5, 1981)
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Table 3.--Load characteristic for trucks hauling logs
(or tree-length stems)#

Average Average Average Average
Number Length Volume Volume
Truck Description of logs (feet) (Doyle) (1" Int.)
Single-Axle (1.5-ton) 18 13.6 1,313 1,752
Tandem-Axle (1 drag) 30 12.9 1,937 2,584
Tandem-Axle (2-ton) 25 13.0 2,018 2,693
Tri-Axle (1 drag) 35 15.2 2,643 3,526
Four-Axle (2-drag) 46 11.7 3,276 4,370
Tractor-Trailer (logs) 43 14.5 3,868 5,160
Tractor-Trailer (stems) 35 36.9 4 222 5,632
¥ (Koger, Table 2, pg 6, 1981)
Table U4.--Load characteristies for trucks hauling pulpwood
(bolts, 21-foot stems, or tree-length gtgmsg* >
Average
Volume
Truck Description Type of Load (cords)
Single-Axle (0.75-ton) Pulpwood bolts (5' 3™) 1.5
Single-Axle (1-ton) Pulpwood bolts 2.1
Single-Axle (1.5 ton) Pulpwood bolts 4.6
Tandem-Axle (1 drag) Pulpwood bolts 5.3
Tractor-Trailer Tree-length 8.7
Tandem-Axle (2~ton) 21-foot stems 9.0
Tri-Axle (1 drag) 21-foot stems 9.3
Tractor-Trailer Pulpwood bolts 9.8

¥ (Koger, Table 3, pg b, 1931)

HARVESTING COST RELATIONSHIPS

Landing Construction and System Move

In the linear programming formulation, landing construction and system move

times and costs are considered together. The following equation is used to com-

pute a weighted time for landing construction and system moving.

WH = (SL + SM)/(HL + BM)

(A5)
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Where: WH

= weighted number of hours for landing construction and
system move
SL = sum of landing construction costs for this method
SM = sum of system move costs for this method
HL = hourly landing construction costs
HM = hourly system move costs

Multiple Equipment

In many cases multiple crawler tractors, skidders, or trucks may be used.
For example, two rubber-tired cable skidders may be used on the same boundary to
skid trees to the landings. Equation A6 is used to compute total time under
these conditions. This equation is used for multiple equipment involved in road
construction, skidding, or trucking, but not for landing construction. Only one
crawler tractor is allowed to construct landings, although two or more are

involved in road construction.

T = 1 (A6)
T+ 1+ o+_1
where: T = hours required if all equipment (ie. skidders) worked together
H1 = hours required if this harvesting activity were done entirely by
the first machine
H2 = hours required if this harvesting activity were done entirely by
the second machine
Hn = hours required if this harvesting activity were done entirely by

the last machine

Equipment Interactions and Efficiency

Equipment interactions resulting in production delays are not directly con-
sidered. However, an equipment efficiency factor which considers utilization is.
available and can be used to model indirectly the effects of delays caused by
equipment interactions. Equipment efficiency can be estimated or calculated by

the following equation.

E = AU (AT)
where: E = equipment efficiency (decimal value greater than 0)

A = equipment availability (decimal)

U = equipment utilization (decimal)




Labor and Equipment Costs

Harvesting costs computed in L-0-S-T are based on only the harvesting func-
tions considered in the optimization analysis (road construction, landing
construction, system move between landings, skidding, and trucking).

Hourly labor cost includes the base wage'rate plus social security and
workmen's compensation. :Hohrly equipment costs include fixed and operating
costs based on a scheduled hour. Miyata (1980) discusses fixed and operating
costs for timber harvesting equipment and provides several examples of the dif-
ferent methods available. The following equation reported by Nichols (1962)

is a simple rule-df~thumb method that can be used to determine the approximate

scheduled hourly cost of timber harvesting equipment used in L-0-S-T.

C = 0.0003(P) (48)

hourly equipment costs (excluding labor)
purchase price of equipment or purchase price of an equivalent
piece of new equipment

where: C
P

21







Appendix 2—Determining and Using Skidding Distances

Determining Skidding Distance

In L-O—S—T; a distinction is made between average skidding distance (ASD),
average travel distance (ATD), and fixed skidding distance (Figure I). The
equations developed by Suddarth (1952) for average skidding distance on simple
geometric shapes are shown in Figure II. Greulich (1980) extended this and
included the influence of slope on the equations he developed for average
skidding distance on areas with simple geometric shapes. For irregular shaped
areas, average skidding distance can be écourately computed using a desk-top

programmable calculator and digitizer (Peters and Burke 1972).

In most cases there is very little difference between the values obtained
for average skidding distance using the mathematical equations derived by
Suddarth (1952) and those obtained by determining the straight line distance
from the landing to the centroid of the area. For example, if the landing is
located at the corner of a mile square area, then the average skidding distance
computed by Suddarth's equation is 4,040.23 feet. The straight line distance
from the landing to the centroid (2640,2640) of the area is 3,733.52 feet. A
simple graphical method for estimating average skidding distance on irregular

shaped areas is shown in Figure III.

While average skidding distance has an exact mathematical definition
(Suddarth 1952), its use, nevertheless, represents a simplification of the
skidding process. If average skidding distance is used, then all the trees on
the area are essentially assumed to be located an equal distance (average
skidding distance) from the landing. However, trees are scattered over the area

and skidding usually starts near the landing and proceeds to the farthest boun-
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dary of the harvest area. A more accurate estimate of skidding cycle time cah
be obtained by integrating the skidding equation (A3) over the range of
skidding distances. Similarly, using an average skidding cycle volume rather
than the range of cycle volumes causes equation A3 to underestimate

skidding times. In L-0-S-T, users have the options of using average values for
skidding distance and volume or their ranges. For simplicity reasons, the
simplifed version (A10) of the skidding equation will be used to illustrate the

integration procedures (A11) available in L-0-S-T, given below.

Y = travel empty time + travel loaded time + fixed time (A9)
1.022 1.098 0.1
Y = 0.0027(X) + 0.00088(X) (V) +K
(A10)
where: Y = cycle time in minutes for articulated, four-wheel drive,
rubber-tired skidders in the 70 to 130 horsepower range
X = one-way skidding distance in feet
V = cycle volume in board feet (14 Int.); must be reasonable for
skidder size and skid trail conditions (Table 1, Appendix 1)
K = assumed fixed time (minutes) per cycle for hooking, decking, etc.
b 1.022 1 098 0.11
Y = 0.0027 (X) dx + 0.00088 QD) dxdv
b-a a (b=a) (d-c)
+K . ; (A11)
where: Y = skidding cycle time in minutes
a = lower limit on skidding distance in feet
b = upper limit on skidding distance in feet
¢ = lower limit on skidding volume in board feet (14" Int )
d = upper limit on skidding volume in board feet (14" Int.)
X = skidding distance, feet
V = skidding volume, board feet (14" Int.)
dx = derivative of Y with respect to X
dv = derivative of Y with respect to V
K = fixed time per cycle in minutes for hooking, decking, etc.

Actual Travel Distance

Due to terrain features (steep slopes, streams, rocks, soft ground) and to
stand characteristics (large stumps, dead snags), the distance actually traveled

by the skidder from the landing to the woods is rarely ever equal to the
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straight-line value computed for average skidding distance. Koger (1976) found
that a correction factor of 1.86 was needed to ad just average skidding distance
to the actual travel distance. The user can supply this correction factor
(1.86) or one pertinent to area conditions through the input variable, AC
(card type 13, Appendix 5). In most cases, if some correction factor is not

used, skidding costs will be significantly underestimated.

Fixed Skidding Distance

In most cases an area (Figures 10-13) will not be adjacent to a landing.
The distance traveled by the skidder from the landing to reach the area boun-
dary is referred to as the fixed skidding distance. This value must be calcu-

lated or estimated by the user and coded in the input data (variabale AF, card

type 13, Appendix 5).

X Harvest Boundary

Figure I.--Relationship among average skidding distance, actual travel

distance, and fixed skidding distance
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AVERAGE SKIDDING DISTANCE (ASD)
FOR SIMPLE GEOMETRIC SHAPES

CIRCLE (Suddarth 1952) CIRCULAR SEGMENT (Suddarth 1952)
S—R— e
/Londing ‘ 6dinq
ASD:=(/3)R
ASD=(2/3)R
RIGHT TRIANGLE (Suddarth 1952) ANY TRIANGLE (Peters 1978)
Y Londing r r3
r.
¢ X 2
('Londing

n+r.
ASD= —=—% [rf +(r,-ry)?] +

ASD= - [x%y* ~| x*| In |tan | arctan(%) y
V LY (AN (A [ "n""z""a.]

3 3y 2
y 12 r: n+ry=ry

RECTANGLE(Suddarth 1952)

/ X
Londing

o8]t - et

where - In=natural log, base e ; tan = tangent ; arctan = arctangent

|

Figure II.--Average skidding distance equations for areas with simple

geometric shapes
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STEP 1: DETERMINE HARVEST BOUNDARY AND
LANDING LOCATION.

STEP 2: SEPARATE HARVEST AREA FROM MAP

BY CUTTING ALONG HARVEST
BOUNDARY LINE.

STEP 3:MAKE TWO SMALL HOLES NEAR

MARGIN OF HARVEST BOUNDARY
(A& B). SEPARATE FROM LANDING

BY ABOUT 1/3 BOUNDARY CIRCUM-
FERENCE.

STEP4:PLACE A NEEDLE IN HOLE AT LOCA-

TION (A) AND MAKE SURE THAT
HARVEST AREA CUTOUT ROTATES
FREELY ABOUT THE NEEDLE AXIS.
ATTACH A SMALL PLUM BOB TO NE-
EOLE AND MARK PLUM LINE ON
CUTOUT. REPEAT THIS PROCESS AT
LOCATION (8).

STEP 5: THE CENTROID OF THE HARVEST

AREA WILL BE AT THE INTERSEC-
TION OF THE TWO PLUM BOB LINES
(C). MEASURE THE DISTANCE FROM
POINT C TO THE LANDING WITH A
RULER. THIS DISTANCE MULTIPLIED
BY THE MAP SCALE WILL GIVE A
CLOSE APPROXIMATION OF AVERAGE
SKIDDING DISTANCE(ASD).

Figure III.--Graphic method for determining average skidding distance

when landing is on boundary edge
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Appendix 3—Harvesting Example Problem Method Assumptions

Table 5.--Harvesting equipment assumptions

Equipment Scheduled

Efficiency Cycle Volume Hourly
Equipment Description Factor (4" Int. Bdft) Costs ($) +
Grawler tractor (72 hp)¥ 0.70 NA $21.63
rubber-tired skidder (70 hp)* 0.80 400 - 510 19.05
rubber-tired skidder (90 hp)* 0.85 420 - 550 22.30
tandem-axle truck (2 ton) 0.80 1,800 19.50
tandem-axle truck (2 ton) 0.80 2,000 20.50
knuckleboom loader# NA NA 13.00
repair truck# NA NA 8.50

+ includes $5.50 per scheduled hour for labor costs
% equipment involved in system move between landings

Table 6.--Road segment data

Road Road Road Constructed Sidehill Cut Fill Building
Section Length Width Slope Slope Ratio Ratio Difficulty
(feet) (feet) (%) (%) (feet) (feet)

a-»>b 350 15 =10 ‘ 10 1.5 1.5 100
b -c¢ 450 15 -8 15 1.5 1.5 150
c ~-d 325 15 -10 12 1.5 1.5 100
d -e 800 15 -10 12 1.5 1.5 150
e - f 600 14 -8 10 1.5 1.5 100
f-g 700 14 -10 8 1.5 1.5 150
g - h 650 13 -15 20 1.5 1.5 100
h -1 1,250 12 -12 15 1.5 1.5 100
i-j 1,650 12 -6 10 1.5 1.5 100

Table 7.--Landing construction data

Distance Average Equipment
From . Depth System
Landing Harvest Landing of Construction Move
Method Code Boundary Size Cut Difficulty Time
Number Letter (feet) (acres) (feet) Factor (hours)
1 A 350 1.5 0.3 1.00 0.0
2 A 350 0.6 0.3 1.00 0.0
2 B 2,525 1.5 0.4 0.90 2.0
3 A 350 0.6 0.3 1.00 0.0
3 B 2,525 0.8 0.4 0.90 2.0
3 C 3,875 1.5 0.4 1.00 1.8
y A 350 0.6 0.3 1.00 0.0
y B 2,525 0.8 0.4 0.90 2.0
y C 3,875 0.9 0.4 1.00 1.8
4 D 6,775 1.2 0.3 0.80 2.2




Table 8.--Skidding data for method 1

Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle
Landing Area Volume Size Distance Distance Slope Time
Code Code (\y"Int) (acres) (feet) (feet) (%) (min)
A 1 65,000 26 485 0 5 7
A 2 70,000 28 1,005 265 -2 7
A y 40,000 16 525 2,080 -3 7
A 5 22,500 9 415 3,700 -5 T
A 7 90,000 45 1,180 1,200 ~10 9
A 8 4,000 2 275 4,000 -8 9
A 9 15,000 10 840 3,000 ~10 1
A 10 12,000 8 285 4,950 -2 11
A 11 24,000 16 1,095 4,550 5 11
A 12 16,000 16 625 5,050 10 13
A 13 27,000 27 990 6,230 10 13
A 14 15,000 15 570 8,000 5 13
A 18 26,000 13 520 5,740 15 9
A 21 30,000 15 1,095 5,050 12 9
A 22 6,000 2 170 7,700 10 5
A 23 105,000 35 900 7,225 10 5
Table 9.--Skidding data for method 2
Average Fixed “Fixed
Area Area Skidding Skidding Trail Cycle
Landing Area Volume Size Distance Distance Slope Time
Code Code (y"Int) (acres) (feet) (feet) (%) (min)
A 1 65,000 26 485 0 5 T
A 3 57,500 23 820 265 5 7
A 4 40,000 16 525 2,080 -3 7
B 5 22,500 9 415 990 10 7
B 6 12,500 5 190 600 12 7
B 7 90,000 45 630 0 =2 9
B 8 4,000 2 275 1,300 -8 9
B 9 15,000 10 45 990 -10 1
B 10 12,000 8 285 1,680 -10 1
B 1 24,000 16 1,095 1,290 -2 1
B 12 16,000 16 625 1,780 5 13
B 13 27,000 27 990 2,670 10 13
B 14 15,000 15 570 5,050 10 13
B 18 26,000 13 520 2,080 5 9
B 21 30,000 15 1,095 1,880 15 9
B 22 6,000 2 170 3,660 12 5
B 23 105,000 35 900 4,260 10 5




Table 10.-~Skidding data for method 3

Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle
Landing Area Volume Size Distance Distance Slope Time
Code Code (Yy"Int) (acres) (feet) (feet) (%) (min)
A 1 65,000 26 485 0 5 7
A 3 57,500 23 820 265 5 7
A y 40,000 16 525 2,080 -3 7
B 5 22,500 9 115 990 10 7
B 6 12,500 5 190 600 12 7
B 7 90,000 45 630 0 -2 9
B 8 4,000 2 275 1,300 -8 9
B 9 15,000 10 iys 990 -10 1
C 10 12,000 8 285 790 -10 1
C 1 24,000 16 1,095 0 -2 1
C 12 16,000 16 625 300 5 13
C 13 27,000 27 990 1,390 10 13
C 1) 15,000 15 570 3,660 10 13
C 18 26,000 13 520 790 5 9
C 21 30,000 15 1,095 300 15 9
C 22 6,000 2 170 2,480 12 5
C 23 105,000 35 900 2,870 10 5
Table 11.--Skidding data for method 4
Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle
Landing Area Volume Size Distance Distance Slope Time
Code Code (Iy"Int) (acres) (feet) (feet) % (min)
A 1 65,000 20 485 0 5 1
A 3 57,500 23 820 265 5 7
A 4 40,000 16 525 2,080 -3 . 7
B 5 22,500 9 415 990 10 7
B 6 12,500 5 190 600 12 7
B 7 90,000 45 630 0 -2 9
B 8 4,000 2 275 1,300 -8 9
B 9 15,000 10 45 990 -10 1"
C 10 12,000 8 285 790 -10 1"
C 1 24,000 16 1,095 0 -2 1
C 15 6,000 6 490 300 -5 13
C 19 10,000 5 270 790 -5 9
D 16 37,000 37 900 500 =i 13
D 17 15,000 15 450 0 -5 13
D 20 16,000 8 335 2,370 3 9
D 21 30,000 15 1,170 200 y 9
D 22 6,000 2 170 2,820 y 5
D 23 105,000 35 720 150 6 5







Appendix 4—Equipment Specifications

Table 12.--Equipment horsepower and weight characteristics

for selected crawler tractors

Equipment Equipment

Equipment Horsepower Weight
Make & Model (net engine) (bare, pounds)

Case 350 39 5,905

450 51 8,850

850 72 13,000

1450 130 23,800

Caterpillar D3-PS 62 10,300

D4-DD 5 13,990

D5-DD 105 19,200

D6-DD 140 24,000

John Deere JD350-C 42 8,160

JDU50-C 65 11,600

JD550 72 12,300

International TD-TE-PS 65 10,459

TD-8E-PS 78 13,834

TD-15C-PS 140 24,153

Komatsu DU5A-1 90 18,340

D53A-15 110 22,200

D60A-6 140 28,220

Massey-Ferguson MF 300 65 14,700

MFU400 85 20,585

MFSWB 136 25,800
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Table 13.--Equipment horsepower and weight characteristics for
selected rubber-tired skidders

Equipment Equipment
Equipment Horsepower Weight

Make & Model (net engine) (bare, pounds)

Athey S-97D 97 16,250

Caterpillar 518 120 20,400

528 » 175 28,300

Clark Ranger 66.4B 82 15,890

666B 112 17,855

' " 668B 166 24,480

Franklin 531 70 | 12,000

132 80 . 17,840

170 112 18,740

185 175 24, 140

International S8 86 13,100

John Deere JD4U40-B 70 12,250

JD540-A oY 16,150

JD640 110 19,900

JD740 145 26,700

Pettibone 100 93 14,950

Timber Jack 208D 67 12,300

225 92 12,784

Tree Farmer C5D 90 15,890

CéD 120 18,180
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Appendix 5—Data Card Types

The following 17 data card types are used in L-0-S-T to describe organized
input data for the harvesting methods, areas, road segments, landings, and
equipment. Unless otherwise stated, all input data is to be right justified.
Input variable names beginning with INTEGER letters (1,J,K,L,M, or N) do not
require decimal points. Input variable names beginning with REAL letters (A-H,
& 0-Z) do require a decimal point in the input field location shown. Although
harvest volume units of pounds, 4" Int. board feet, cubic feet, or cords may be
used, once a unit has been selected it must be used throughout the analysis.

The input data for the harvesting example shown in Appendix 6 should be used
to supplement the data card type descriptions given below.

Card Type 1: (required; one card)

1 64 cc
/77 /_/ ATITLE() harvesting problem title

Card Type 2: (required; one card)

2 ce
/_/ NMETH number of methods analyzed
(minimum of 2 and a maximum of 4)
5 cc
/_/ NDZR number of crawler tractors (1-5)
7 8 ce
/ /7 NSKD number of rubber-tired, cable skidders
- (1-10)
10 11 ce
i NTRK number of trucks (1-10)
13 cc
/_/ * ICTRAT number of user supplied constraints
(0-4); allows limits on number of
hours permitted for harvesting
functions considered
15 cc
/7 ILPANA linear programming option code:
= 0 if linear programming analysis
is performed
= 1 if linear programming analysis
is not performed
17 cc
/ 7/ LPCDE = 0 if no intermediate matrices are

printed; the normal case

1 if intermediate matrices are
printed; is helpful in understanding
sensivity analysis
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Card Type 3: (required; one card)

1 ce
/ / JONIT

3 12 cec
RN EEN, HARVOL
14 18 20 cc
/1 1111 ST PRODPC

22 26 28 cc
NN, SYSMHC

30 35 ce
/7 /77777 DFTBTM

unit code for volume;

1 for pounds

2 for Wy" Int. board feet
3 for cubic feet

4 for cords

total volume of harvested timber
in same units as coded for IUNIT

selling or delivered price in normal
selling units (ie. $/1,000 board feet)

hourly cost ($/hr) to move pertinent
equipment to the next landing; not an
hourly move-in cost

distance in miles from mill to harvest
boundary or start of constructed woods
roads (can be zero if analyzing trucking
within harvest boundary)

Card Type 4: (required; one card for each crawler tractor building roads

1 4 ce
/1 /1S DZRHP()
6 9 cc
/I /d 1/ DZREF()
1" 14 16 cc
/77777 /7 DZRHC()

; NDZR cards required; cards adjacent)

net horsepower of crawler tractor;
(Table 12, Appendix 4)

crawler tractor efficiency (ie. 0.80)

hourly crawler tractor and operator
cost ($/hr)

Card Type 5: (required; one card for each skidder; NSKD cards required;

cards adjacent)

1 4 cc

/1 /1 SXDHP()
6 11 ce

/11 1S Y SKDWT()
13 16 cc

/Sl 1/ SKDEF()

36

net skidder horsepower;
(Table 13, Appendix 4)

weight of unloaded skidder in pounds;
(Table 13, Appendix 4)

skidder efficiency (ie. 0.75)




18 21 23 cc
/171177

SKDHC()

hourly skidder and operator cost ($/hr)

Card Type 6: (required; one card for each truck; NTRK cards required;
cards adjacent); note: travel speeds must be > O.

1 4 cc

/1 /S TKTENW()
6 9 ce

/I /177 TKTLNW()
1 14 ce

/1Y TKTEWD()
16 19 ce

/1 1/ TKTLWD()
21 24 cc :

/1 17/ TKFTPC()
26 29 ce

/1l 1/ TKEF()
31 38 40 cc

/I /1SS T TKVOL.()
42 45 47 ce

/177 7.7/ TKHC()

empty truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

empty truck travel speed in mph over
woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
woods road (Table 2, Appendix 1)

fixed time per cycle in minutes; can
include delays, stops for fuel, etc.

truck efficiency (ie. 0.80)

average truck volume (Tables 3 & 4,
Appendix 1); same units as IUNIT in
card type 3

hourly truck and operator cost ($/hr)

Card Type 7: (required; one card for each method; NMETH cards required;

cards ad jacent)

1 cc
/_/ IMETH()
4 ce
/_/_/ IRDSEG()
7 cc
// ILANDN()

method number (1-4)

number of road segments for this method
(0-20)

number of landings for this method

(1-8)

Card Type 8: (required; one card for each landing for each method;

cards adjacent)

1 cc
/ /

JMN

method number--not number of methods
(1-4)
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- Y4 co
/ 7/

7 cc
!/ /_/

10 cc
/_ /7

JNA

Card Type 9: (required; one card)

1 ce
/ /

JMN

landing number--not number of landings
(1-8)

number of areas for this landing
(1-25); not area code number

maximum value of any area code number
for this landing; is equal to JNA only
if areas are numbered consecutively

control card which follows the last
card type 8 and must have a 0 (zero)
coded in card column 1

Card Type 10: (required; one card for each road segment for each method;

1 T cc

A

9 12 cc
/1 /S

14 18 cc
/S 1 I

20 24 ce
/7 /777 /.7

26 28 30 cc
/11

38 42 ce

38

cards adjacent)

ROADSL

ROADSW

ROADSP

ROADSS

ROADCR

ROADFR

ROADTY

length of road segment in feet; if
there are no road segments code a

0 (zero) in card column 6 and then
skip other variables on this card type

segment road width in feet

percent slope (+,-) or road segment in
direction of construction

percent slope (+ only) of side-hill
ad jacent road

cut ratio; rise in cut per 1 foot of
base (ie. 1.50)

fill ratio; drop in fill per 1 foot of
base (ie. 1.50)

road construction difficulty code;

= 10 for road constructed under

adverse conditions or for high volume
truck traffic

500 for road constructed under average
conditions

1000 for road constructed under
favorable conditions



Card Type 11: (required; one card)

1 cc
// ILDZR

2000 for road constructed under
very favorable conditions, or the
up-grading of an existing road
3000 for landing constructed under
average conditions

note: intermediate values (ie. 520, 760)
can be used; trial and error

techniques may be required to obtain
desired or expected times and costs

input order number of crawler tractor

in card type 4 that will be used to
construct all landings (ie. if the
second crawler tractor in card type 4 is
used, then code a 2 in card column 1);
only one crawler tractor is permitted

to construct landings

Card Type 12: (required; one card for each landing for each method; cards

ad jacent; input all landings for first method, then all

landings for second method, etc.)

1 8 cc

/S 11T S DSFTB()
10 13 ce

/S Y ACRESL
15 18 ce A

/1 17 CUTL
20 23 cc

/ /ol S EFFL
25 29 cc

/7 /77 /7. /7 SYSMHR

distance in feet this landing is from
harvest boundary as measured along
woods road

landing size in acres

average depth in feet of earth removed
in constructing this landing

landing construction difficulty factor;
must be greater than 0.0; suggest:

less than 1.00 for difficult sites
1.0 for average sites

greater than 1.0 for favorable sites

number of hours required to move
equipment to this landing; not a move-in
time, but a system move between landing
time; should be 0 (zero) for the first
landing

Card Type 13: (required; one card for each area for éach method;

cards adjacent)

1 ce
/ / IMN

method number
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3 ce
!/ /
5 cc
/ /7

6 14 ce

/S S

15 20 cc
/ /11 IS
21 28 cc

29 36 cc
AN

37 44 oc
VAVAV YAV AV A AV

40

ILN

IAN

AC

landing number
area code number

area volume in same units used for
variable IUNIT in card type 3

area acres

average or minimum skidding distance in
feet for this area; if AN=AX (next
variable) average skidding distance
option is assumed and skidding time

is not based on integration (dx)

average or maximum skidding distance in
feet for this area; if AX=AN (last

"~ variable) average skidding distance

option is assumed and skidding time
is not based on integration (dx)

fixed skidding distance in feet from
landing to start of harvest area; is O
(zero). if landing is located on edge or
inside of harvest area; this is actual
travel distance and not straight line
distance (Figure I, Appendix 2)

correction factor adjusting straight
line skidding distance to actual
distance traveled by skidder inside an
area; suggest 1.86; use 1.00 for no
correction

slope of skid trail (+,-) in percent,
measured in travel loaded direction

difficulty factor code used to

provide more sensitivity for actual

skidding conditions on each area; can

be used to model increased skidder

interactions, multiple skidders on

small areas, or adverse skidding

conditions;

= less than 1.00 for adverse skidding
conditions or high skidder interaction

= 1.00 for average skidding conditions
and no significant skidder interaction

= greater than 1.00 for very favorable
skidding conditions and no skidder
interactions



63 66 cc
/1 1.0/ AT average fixed skidding time per cycle in
minutes (ie. hooking, unhooking, decking)

Card Type 14: (required; one card)

1 ce
/ / IMN control card which follows the last card

- type 13; must have a 0 (zero) coded in
card column 1 '

Card Type 15: (required; one card for each method, for each landing, for each
area, for each skidder; cards adjacent)

1 cc

/_/ KM method number(1-4)

4 cc
/_/ KL landing number (1-8)
7 cc

/ /7 KA area code number; same as IAN in

card type 13
10 cc

/ /7 KS skidder input order number; must be in

same sequence as coded in card type 5.
n 20 cec _

/I /1 ST T SKVMN average or minimum volume skidded per
cycle; if SKVMN=SKVMX (next variable)
average skid volume is assumed and
skidding time is not based on
integration (dv); volume ranges (Table 1,
Appendix 1); volume must be in same
units as used for variable IUNIT in
card type 3

21 30 cc
/1 /17 SKVMX average or maximum volume skidded per

---------- cycle; if SKVMX=SKVMN (last variable)
average skid volume is assumed and
skidding time is not based on
integration (dv); volume ranges
(Table 1, Appendix 1); volume must be in
same units as used for variable IUNIT in

card type 3
Card Type 16: (required; one card for each landing for each method; cards
ad jacent)
1 cc
/_/ IT™N method number (1-4)
4 ce
/ / ITLN landing number(1-8)
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6 9 ce
/ 1S 1/ TKTVCF

truck speed correction factor; reflects
change in truck travel speed as a
function of distance traveled over

woods road; ratio of ending travel speed
on woods road to beginning travel speed
on woods road; a value of 1.00 would
indicate the use of average travel speed

Card Type 17: (optional; use only if adding constraints for number of hours;

use only if value of ICTRAT in card type 2 is greater than zero;

one card required for each constraint; cards adjacent; most
often used after one computer analysis has been made without
upper bound constraints; upper bound values are usually not
know in advance of an initial unconstrained analysis

1 ce
!/ / ICSTFO

3 10 cc
/7777777 7.7

42

constraint code:

= 1 if supplying upper bound on road
construction hours

2 if supplying upper bound on landing
construction and system move hours

3 if supplying upper bound on skiding
hours

4 if supplying upper bound on trucking
hours

upper bound value of constraint in hours



Appendix 6—Harvesting Example Problem Input Data

HYPOTHETICAL HARVESTING EXAMPLE: 4 METHODS
y 1. 2 2201
2 567500. 95.00 50.63 30.5
72. 0.70 21.63
70. 14175. 0.80 19.05
90. 16675. 0.85 22.30

19.50

34,0 28.0 8.3 5.3 15.0 0.80 1800.00

34.0 26.0 8.3 5.0 15.0 0.80 2000.00 20.50

1 11

2 5 2

373

4 9 4

1 116 23

2 1 3 4

2 21423

31 34

3259

3 3 923

y 1 3 4

y 2 5 9

4 3 419

4y 4 623

0
350. 15.0 -10. 10, 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450. 15.0 8. 15. 1.50 1.50 150.
325, 15.0 -10. 12. 1.50 1.50 100.
800. 15.0 -10. 12. 1.50 1.50 150.
600. 14,0 -8. 10. 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450, 15.0 -8. 15. 1.50 1.50 150.
325, 15.0 -10. 12. 1.50 1.50 100.
800. 15.0 -10. 12, 1.50 1.50 150.
600. 14.0 -8, 10. 1,50 1.50 100.
700. 14.0 -10. 8. 1.50 1.50 150.
650. 13.0 -15. 20. 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450, 15.0 -8. 15. 1.50 1.50 150.
325, 15.0 -10. 12. 1.50 1.50 100.
800. 15.0 -10. 12. 1.50 1.50 150.
600. 14,0 -8. 10, 1.50 1.50 100.
700. 14,0 -10. 8. 1.50 1.50 150.
650. 13.0 -15. 20. 1.50 1.50 100.
1250. 12.0 -12. 15. 1.50 1.50 100.
1650. 12.0 -6. 10, 1.50 1.50 100.

1

3%0. 1.5 0.3 1.00 0.0
350. 0.6 0.3 1.00 0.0

2525. 1.5 0.40.90 2.0
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400.
420,
400.
420,
460.

500.
4oo.
420,

510.
550.
460.
490.

500.
520.

450.
490,
450.
490.
450.
490.
450,
490,
450.

490.
450.
490.
450.
450,
4oo.

460,
450,
470.
450,
470.
400.

420,
400.

420,
L460.

500.
4oo.
420,

510.
550.

460.
490,

520
450,

490,
450.
490,
450.
490,
450.

490.
450,

400.
420.
L4oo.
420,
460.

500.

400,

420,

5100
550.
L60.
490,

500.

520.

450.

490.
450,
490.
450.
490,
450.
490.
450.
490.
4s0.
hgo,
450.
450.
4oo.
L460.
450,
470,
450.

470.

4oo.

420,
400,

420,
60,
500.
4oo.
420,
510.

550,

h6o.

490.

500.
520.
450,
490.
450 .
490,
450.
490,
450.
490.
4s0.




3 321 2 490.
3 322 1 450.
3 322 2 490.
3 323 1 450.
3 323 2 450.
5101 1 400.
4y 1 1 2 460.
4 1 3 1 450.
y 1 3 2 470.
by 1 4 1 450,
4 1 4 2 470.
4y 2 5 1 400.
4y 2 5 2 420.
4y 2 6 1 400.
4y 2 6 2 420,
y 2 7 1 460.
y 2 7 2 500.
4y 2 8 1 4500.
4y 2 8 2 420.
4y 2 9 1 510.
4y 2 9 2 550.
4 310 1 460.
y 310 2 490.
4y 311 1 500.
y 311 2 520.
4 315 1 450.
y 315 2 490.
4 319 1 420.
4y 319 2 470.
4 416 1 430.
4y 416 2 460.
4 417 1 440.
4y 417 2 480.
4y 420 1 450.
4y 420 2 490.
4y 421 1 490.
y 421 2 520.
4y 422 1 450.
y 422 2 500.
4 423 1 470.
4y 423 2 510.
1 10.95

2 10.9

2 20.90

3 10.95

3 20.90

3 30.8

4 10.9

4y 2 0.90

4 30.85

4 4 0.80

1 120.0

3 600.0

//

490.
450.
490.
450.
450.
400.
L60.
us50.
470,
450.
k70.
400.
420.
4oo.
420.
460.
500.

420.
510.
550.
460.
490.
500.
520.
450.
490.
420.
470.
430.
460.
Luo.

450.
490.
490.
520.
450.
500.
470.
510.







Appendix 7—Harvesting Example Problem Output Data

TITLE L-0-S~T RUN= HYPOTHETICAL HARVESTING EXAMPLE: & METHCODS
NUMBER GF METHODS=
NUMNBER OF NOZERS=
NUMBER OF SKIDDERS=
NUMBER OF TRUCKS=
LP ANALYSIS CODE=
LP CUTPUT CODE=
# USER CCNSTRAINTS=
HARVEST VOLUME= 567500, INT. BOARC FEET
PRICE IN SELLING UNITS ($)= 95,00
HOURLY LANDING MOVE COST ($)= 50.63
DISTANCE FROM WDODS EOGE TG MILL (MILES)= 3¢.5

NDONNEH

AR RRE ARBRRERERARRERER SRR RKRER
pnzeR’  NOZEP DDZER HOURLY
ANUMBER He EFFIC casr

1 12, 0.70 21.63

ASRBESEAREINRERABREXEE S KB ES
21.63

rerpeenpeeer et PP LA S SRR A A R A AR AR L AL L

SKIDDER

SKIDDER SKIDDER SKINDER SKIDDER HOURLY
NUMAREP HORSFPOWER WETGHT SFFIC cgsY
1 70. 14175. C.80 19.05

2 90. 16675, 0.85 22.30

P e T IS T TTITIET IS F 2 SRR R E AR R R 22 22222 A0 At ad
41.35

BIEEAREEERZEF R RRE ARG AL EALRSEIRARSBAIBSDRLILIF R AP OIIRVR T EIIF IR R AR DATRBRAR AR RS E
*& NON-WOODS #%# . #*x¥% YOODS 44+

TRAVEL TRAVEL TRAVEL TRAVEL FIXFD
FMPTY LOADED ENPTY LOADED TIME CYCLE TRUCK
TPUCK SPEED SPEED SPEED SPEED FER TRUCK TRUCK HOURLY
NUMBER MPH N2H NOH MPH L0AD EFFIC vOLUNE cost
1 34.00 28.09 8.30 5.30 15.00 0.8 1800.00 18,50
2 34,00 26,00 8.30 £.00 15.00 0.30 2¢0C.00 20,50

‘“'.**‘**t‘t**#ttt*tt*##t.t*tt#tt‘##*‘t#‘8“*“"“““‘t‘."..O‘.Q#’*"O“.‘

40.00°

49




LRHIBRLPIBASRR SRR ERAE DR S

NUMBER NUMBER
HETHOD ROAD OF
NUMBER SEGMENTS LANDINGS

s
O AN
Sy

BEAIVVNBIERTAESSREBREE AR S

ANERAREASLREREFREPE ARSI IEFI VBB S IR SIS S 4005523

NIMBER
MFTHOD LANDING OF MAXIMUM AREA
NUMBER NUMBER AREAS CGEE  NUMBER
1 1 16 22
2 1 3 4
2 2 1% 23
3 1 3 4
3 2 5 9
3 3 3 i3
4 1 3 4
L] 2 5 9
4 3 4 19
4 & & 23

BIFPREBDIXVARB S AT EBBREIBE SR DV S2HSF IS8

SRBAEAR B EAREERR R AR RCRSERREBAXISIIB SNSRI IAER VORI H 2009 BABIIBFINBINVLAISTARIVTELORBEEF O RN BN RIRINESH RS AN SR SS IS S S0 SDER S
<ot FILL RCAD

METREOD  SENMENT DNZER Qnan K080 RQAC SIDE  SLCPE  SLOFE TYFE CUgIC ACFES SEGMENT SEGMENT METHOD HETHOU
NUMBFR NUMBTR  YUMPER LENGTR WIDTH SLCFE SLOPE  RAYTIO RATIO CCDE YARDS CLEARED HOURS cosy HOURS [8:33)

1 t 13 250, 18.¢ ~10. 0. 1.50 1.560 1on. 4.9 [ 7.9 170.07

1 360, 46.9 0.1 1.9 170,

2 1 1 350, 15.0 ~10. 10, 1.50 1.50 1C0. 46.9 0.1 7.9 170.07

2 2 1 450, 15.0 -8, 15. 1.50 1.50 150, 99.2 0.2 7.9 169,00

2 3 1 2%, 15.0 ~10. 12, 1.50 1.5 100, 54,2 G.1 Ta7 167.38

2 & 1 BNO. 15.0 =10 12. 1.59 1.50 150. 133.3 0.3 12.7 274,67

2 5 1 600, 14.9 -8 10. 1.50 1.50 100. 0.0 Q.2 13.0 280.23

2 252%. 4013.6 1.0 4%.1 1061,

3 1 1 3580, 15,0 ~10. 10, 1.50 1.5C 100. 48.9 ¢l 7.9 170.07

3 2 1 450, 15.9 ~“8. 15. 1450 1.50 150. 9%.2 0.2 T.8 169.00

3 3 1 22%. 15.0 ~10. 12. 1.549 1.50 ico, 5442 (L} 1.7 167.38

3 3 1 800, 15.0 -10. 12. 1.50 1.590 150. 133.3 Gl 1.7 274467

3 5 1 40N, 14,0 -8, 0. 1.59 1.50 100. 70.0 02 i3.0 280.23

3 [ 1 700. 14,0 ~10. R 1.50 1.50 150, £3.1 0.3 Geh 202,718

3 7 1 550, 13.0 ~15. 0. 1.50 1.50 100, 158.8 g.2 16.7 360.69

3 1875, €25.5 le6 7%.1 JUPAN

4 1 1 350, 15.0 ~10. 10. 1.50 1.50 100. “6.9 do1 7.9 110,07

& 2 1 450, 15.¢ -8a 15, 1.50 1.5€C 150, 99.2 0.2 7.8 169.00

4 3 1 325, 15.0 -10. 12. 1.50 1.50 10U. £4.2 Qa1 7.7 167,38

L3 & 1 jca,. 15.0 ~10. 12. 1.50 1.50 150. 133.3 9.3 12.7 214,67

4 s 1 600. 14.0 -8, 10. 1.50 1.50 100, 70.0 0.2 i3.0 280.23

4 13 1 700, 14.0 =10 8. 1.50 1.50 150. 63.1 0.3 b 202,15

o T 3 650, 13.0 -15. 20. 1.50 1.50 . L58,8 0.3 167 360.66

& a 1 1250, 12.0 ~1lé. 15. 1.50 1.50 1qo. 176.3 0.4 27.1 58T.16

4 L 1 1650, 12.0 -6 10, 1.50 1.50 100. 141.5. Q.5 32,3 698.43

L 67115, §43.3 2.8 134.¢ 2910,

HEPUL AT B RRN AT R OEERCE RN ATDEAINBNIIB RS BIZ PP AIIREINARRNL IR RSO NARRAERCRSAE AL NS VSR REB VAU TSE A REN RSB R SID LS ESBSAS IR ISR SRS AU IES
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SEANORESRRASEAVUEAERNSBAABRESLANINISEI LIV NINGIDPRRNICINRO SRS INNY B009LABSVNIBIRNBN IS NABENBLIPISROVEERRVINEERLPURICHNNIOSONERRES
WETGHTED HETHOO

CLsTance LANCING AVERAGE HOURLY LARDING LANDING SYSTEM SYSTEN BUILOING nGvE €
NETHNN  LANDING FROM S1E CUT DOZER  DOLER  EFFIC BUILDING OUILDING MOVE POVE L MOVING LANDEING
NUMBER NUMBER  S8UINDARY ACRES OEPTH np cesy COCE HOURS cost HOURS cast MOURS cdst
1 1 1%%. 1.% Q2 12. 21,83 1.00 2480 S56.27 Jed ¢. 00
1 Je78 §6.27
2 1 154, 2% .3 0.2 72, 21.83 1.00 1.04 £2.%1 Oed 0.00
2 2 2525, 1.5 Cub T2, 21483 890 3. 10 67.13 2.0 101.28
2 2eth 190.90
3 1 159, (Y 0.3 T2, 21463 1.00 1404 22.51 [ ] 0.00
3 2525, 0.8 Cob 12, 21,63 0. 1e88 35.80 240 101.28
3 3 875, 1.5 Coh 2. 214463 1.09 2.15 80,42 1.0 91.13
3 431 3it.13
L3 1 350, Q.8 Ge3 T2, 21.¢3 1.G0 1.04 22.51 0.0 0.00
FS 2 2525, 0.3 Dot 72, 21461 0.9 L6t 35,80 2.0  101.20
. 3 1875, 0.5 [ 2] 72,  21.6) Lot teet 38425 1.8 91.13
A ] 58775, 1.2 (23] 72, 21442 0.03 2.¢0 56.27 242 131439
- ©e29 494,062

2200 EEL SNRREEI AR NSRS ANRSASINERIINR SN ENABISALINIEOINNIIINIVERSRSEN SREEESLCVNIBRRLERN I PR SARLEN

SEBIROSEAESRIRREELCER AN AVNRAILAAEIITOCSLERINNY ARG R00008082004020000SRVRSRIASINBIRPPETIVEEOBECIONNNSSUBNNENIORESINBINSVEINNEES

MINTMLM MAX | PU¥ FIXED SKIDDING TRAIL SLGPE AREA Flx€D
METHON LANDING ARE A 4RER ARLa SKICCING SKICDING SKIDDING CORPECTICN TRAVEL LOADED DEIFFICULYY T INE
KUNRFR NUNOER NUMES VOLUME ACRES CISTANCE DISTAACE DISTANCE FACTOR OIRECTICN (3} FACTCR CYuLE
1 1 1 65030, 2¢. 485, ABS, 0. 1.90 S L+00 1.0
1 1 2 70200, 28. 1005, 1005, 2¢8, Le90 -2 1.00 7.0
1 1 & 40000, 1¢. 52%. 525, 2080, 1.90 -3, 1.00 140
1 1 5 22500, Se 415, 415, 3700. 1+90 -5 1.00 1.0
3 1 k4 $0000. 4% 1180, 1180, 1200, 140 - i, 1.00 9.0
1 1 3 4000, o 215, 215, 4000, 1.40 -8e 090 9.9
1 3 9 15000, 10. 840 840, 3000. 1.4V -10. 1.00 i
1 1 in 12000, €. 285, 289%. “9%0, 1.40 2o 1.00 k.0
H 1 1 24000, 1¢. 1095. 1092, 4550, Ledd L 18 0.90 iled
1 1 12 16000, 16. €25, 625, 5050, 1.50 10. 0.80 3.0
1 1 13 21000, 27, $90. $90. 6230, 1.50 10. 0.90 L3e90
1 1 14 15300, 1%, 570, 5710, AQCO. 1.50 Se 0.9 tdw
1 i 14 26000, 2. © 520 520, 5740, 1.5 15. 0.80 9.0
1 1 21 3000C. Se 109%. 1095, 5050. 1.70 12« 0.0 9.9
1 1 22 6070, 24 170, 170, 1700. 1.70 w. 1.00 5.0
i 1 23 105010, - 3%. sno, 960, 7225, 1.70 10. 1.00 5.0
2 i 1 €5000, 28, 485, 4e%, 0. 1.00 Se 1.00 1.0
2 1 3 57500, 23, 820, 820. 265, 160 Se 1.00 1.0
2 1 4 40030, 1ée 825, 525, 2080. 1.60 -3 1.00 7.0
2 2 5 22%%. Se 415, 418, 990. l.60 10. 1.00 1.9
2 2 [] 12%00. e 190. 190, 600, 1,60 12. 1.00 7.0
H 2 7 30000, 45, 630, 630, (.0 1.60 2o 1.00 9.9
2 2 L 4000. 2. 215. 215, 1300. 1.60 -8 1.00 .0
2 2 9 15000, 10. 445, 448, 990. 1.60 -0 1,00 1i1.0
2 2 10 12000. [N 205, 204, 1680, 1.40 ~10. 1.00 11.0
2 2 11 24000. 16. 1098, 10985, 1290, 1.40 20 1.00 14,0
2 2 12 18400, 1&. 425, 62%. 1780, 1.40 S V.90 ilasd
2 2 13 27030, 27, 590, o940, 2670, lew0 18, " 80 14.0
2 2 14 15¢¢0, 1S 570, 51C. 50%0, Le90 10, 0.9 130
2 2 1R 26000, 12, 520, s20, 2000, 1e50 S5 3.90 L 7Y ]
2 2 21 Wnoe. 1%, 1008, 109%. 1880, 150 5. 0. 60 9.0
2 2 22 5030, i 170. 17C. 3660, 1450 2. 1.00 3.0
2 2 a3 1050290, 35, 900, 9490, “260, 150 10. 1.00 5.0
3 1 1 5500C. 6. 435, 4«85, ", 1.9 Se 1.00 1.0
3 1 3 57%00. 23. 820, 820, 265, 1.90 Se 1.00 7.0
3 1 4 400170, 16, 825, 525%. 2080. 1.90 “3e t.00 1.0
3 2 S 22800, Se 418, AL%,. S50, 1.60 16. 1.00 1.0
3 2 1] 12500, 2 190. 600. 600. 1.00 12. .00 Te0
3 2 7 30€30. 45, £30. 620, 0, Lebo -2 1.00 90
3 2 a &HOON, i 27%. 215, 1300, .60 -8, 190 90
3 2 9 15030, 10. 445, 445, 990. 1.00 ~-10. 1.00 Li.s0
3 3 10 12090, [ 285. 285, 150, 1.70 ~10. 1.00 Lie®
3 3 11 24000, 1¢. 169%. 1085, 0. 170 -2 1.00 ii.o0
3 3 12 L6000, L6 £25. 625, 3049, 172 Se 0.50 I8 I
3 3 13 2ron0, 21, §90. 565G, 1390, 170 10, C.00 13.0
3 1 1e 15009, 1, £70. €70, 3¢e0,. L1850 . 0490 130
3 3 1= 26030, 12, 520, 520, 190, 1e80 S. 0, %0 V.0
3 3 21 CL00, N 1693, 1095, M0, 1.80 15. d.20 2.0
3 1 2? 600D, 2. 17C, 170, 2490, 1.80 i2. 1.30 5.9
1 3 23 105000, 3%, 990, cn, LN 1480 . L.0C 9.0
L3 1 1 65000, 2t 485, 48", (L2 .90 Se 1.30 Teo
4 i 3 571%30. 23. 023, LF{ 1 2¢5. 1.90 Se 1.00 1.0
4 1 4 40000, Le. €2s, 52%. 2020, L0 -3 1.00 4.4
& 2 5 22500, Se 415, 415, 950, 100 19. 1.00 led
L3 2 & 12590. R 190, 600, 0N, 160 12. 1.00 1.0
L3 2 1 [0eN0. 45, 430, ¢30. 0 Lat® -2 1.00 .0
4 ? 3 4000, £ 275. 2. 1300. Le60 ~de 1.00 Vel
4 2 9 15600, 1C. 445, “4s, 990, 1.60 -10. 1.00 [T ]
4 3 10 12000, L1 2B%5. 265, 153, 1.70 =10« 1.00 Lied
3 3 it 264000, l6. 1095. 1965, N, t.70 -2, 1.00 LheV
L3 3 18 6000, te 490, 450, 300. 1.70 -5, N.$0 13.0
4 1 19 106090, t. 274, 270, 790. 1.70 -5 V.90 9.0
4 L] 16 17000, 7. $00. 00, 500, 150 “do Q.50 13.9
L] & 17 15000, £e 450, 450. 0O« 150 -5 V.90 Ldew
4 & 20 16000. .0 235, 325. 23710, 1.50 3. Be00 L 21
4 L3 21 3ccon, Se 1170, 11716, 200, 1.50 LTS Q.80 Y0
4 4 22 6000, 2. 170. 170, 2020, 1.50 4 1.00 5.0
L3 4 23 105000, 35. 120. 720. 180, 1.50 [LTY 1.00 50
‘.O"..‘...‘.!.O‘t..l‘“.O‘.t‘..‘.“‘t"‘."t.l"..‘tO...l'.l.Q..‘.‘l“..OO..- 206 LYIT R IYIT - TT3 ]
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L L T T e LA

sesasnsnsnrs ALL SKIGDERS WIRKING TOGLTHER seees

AREA
NINIMUP LEYE LA CYCLE NUMBER SKID AREA LANDING LANDING METHOD METHOD

METHEEN  LAND ARES SKID VOLUME voLurE TINE oF TIME SKICOING SKICDING SKIDDING SKIDOING 3K IVOING

NO NO 8O NQ SKIDDFD SKIDDED MINUTES CYCLES HOURS HOURS HOURS CGSTS HOURS LUSTS

1 1 1 1 4N0.0 400,90 18,91 163, 51.21

1 i 1 2 460.0 4609 16451 141. 38.89

1 1 1 22.10

1 1 2 1 450,0 45040 22445 1564 4,13

1 1 2 2 470.0 470.0 27.21 149, 61.54

1 1 2 37.46

1 1 4 i 450,10 450.0 42.81 g, €3.42

1 i 4 2 47C.0 4710.0 35,43 8%, £0,25

1 1 4 28.04

1 1 5 i 450,10 450.9 SP.T1 50. 48.93

1 1 S 2 47040 470.0 47.97 43, 38,27

1. i & 21,47

t i 7 1 460,70 460,10 4Q.C5 196, 120.5¢

1 1 T 2 5000 S00.0 33.49 a0, 100,48

1 1 7 5€.79

1 1 el 1 400.0 409.0 ChoZl 10, 16.70

1 1 4 2 420,0 420,0 52.82 19, 8.38

1 1 3 4.70

1 1 9 1 510.0 §10.9 57.69 2¢, 28,23

1 1 9 2 550.0 £50.0 47,71 27, 21.69

1 1 a8 12.27

1 1 19 1 ©60.0 460.0 T6.48 2¢, 33,2%

1 1 1 2 490.0 450.0 62.68 24, 25,71

1 1 10 14.50

1 1 8% 1 500.0 500.0 102,74 “8. 82,19

1 1 11 2 §20.0 £20.0 E4.28 LT 646,91

1 1 1 93 . 26.27

1 i 12 1 450.0 450.C 121.88 26, 72.23

1 1 12 2 490.0 490.0 101.06 33, 55.00

1 1 12 N 31.22

1 1 13 1 450.0 450.0 138.69 60, 136.69

1 1 12 2 490.0 450.0 112.57 55, 103.38

1 1 13 se.8¢

1 1 14 3 450.0 45040 148.22 23. 82.34

1 1 14 2 490.,0 490.0 121,25 . 61.91

1 1 14 35,34

1 1 18 1 450.0 450.0 131.56 58. 126.69

1 1 1A 2 430.0 490.0 10€,27 £3. $5.84

1 1 18 £4.56

1 1 21 1 450.0 “50.0 120.20 67« 133,56

1 1 21 2 490.0 450.0 98.73 &l. 100.75

1 1 21 57442

1 1 22 1 450.0 450.0 117.11 13. 26.03

1 13 22 2 490.0 490.0 95.19 12, 15,43

1 1 22 1l.12

1 1 23 1 450.0 450.0 128.61 233, 500.16

t 1 23 2 490.0 490.0 104 .40 214, 372.85

1 1 23 213,61

1 1 695.75 28769.13

' 695,73 28709,.13

A4 AFLVERSIRBRFIRINCRRB XSRS NNNES A IS HAPSERRNLRESRINSRIBSS0 RS

ST IS 0RO ENESINISENEIRERREINB IR FUENT AL IRIISNINNGSONRSS
sexasasnsas ALL SKIGDERS WUORKING TDGETHER s»etsssscae

AREA
MINTMUN  PAX MUY CYCLE NuMage SKID AREA LANDING  LANDING METHOD HETHCD
METRON  LAND ARES 5KID  VOLUME VOLUFE TIME oF TIME SKIBDING  SKICDING SKIDDING  SKIODING SKIVDING
NO NO NC NOL O SKIDDFD  SKIDOED MINUTES  CYCLES HOURS HOUR'S HOURS (41135 HOURS LuSTS
2 1 1 1 400.0 400.0 17.19 163, 48,57
2 1 t 2 440.0 46040 15.12 141, 35,62
2 1 1 20.18
2 1 E 1 450,0 450.0 27.00 128. 57.49
2 i 3 2 4T0.0 470.0 22.56 122. 46482
2 1 3 25.8C
? 1 4 1 450.0 45D.0 40.53 49, £0.0%
2 % 4 2 470.0 470.0 33,93 25, 48.13
2 i 4 26.83
2 1 12.82 3011.0¢
2 2 5 1 400.0 400.0 28.5% 56, 27.1%
2 2 5 2 420.0 420.0 24.6€2 S44 21.99
2 2 5 12.15
2 2 [ 1 400.0 400.0 19.55 31, 10.18
2 H « 2 420.0 420.0 17,05 30, 2,46
2 2 [3 4052
2 2 7 1 $60.0 4ed.0 21.€1 196, 70.47
2 2 7 2 500.0 500.0 18.94 180. 5¢.82
2 2 1 21.46
2 H 8 1 400.0 403.0 28429 10, 4.13
2 2 a 2 420.0 420.0 24,26 16. 3.45
2 2 3 2.12
2 2 9 1 510.0 51043 30.34 29. 14.88
2 2 9 2 S50.0 550,90 26,17 21. 11.89
2 2 9 6.61
2 2 10 i 460.9Q 46040 34,21 26. t4.87
2 2 1 2 490.0 490.0 29.22 24. 11,93
2 2 10 .62
2 2 11 1 500.0 500.0 4% 40 “8. 36,22
2 2 11 2 520.0 %20.0 38.22 LY 29.40
2 2 11 1€.25
2 2 12 1 «50.0 450.0 53.%8 36, 21.75
2 2 12 2 490.0 490.0 45.86 33, 24,85
2 2 12 12.94
2 2 13 1 450.0 450.0 27.09 60, §7.09
2 2 13 2 €90.0 490.0 73.10 55. 67.14
.2 2 12 37.91
2 2 16 1 450.0 450.0 110,70 33, &1.50
2 2 14 2 490.0 490.0 91.73 3. 46,80
2 2 14 26.58
2 2 | . I 450.0 450.0 50.9% 58, 49.10
2 2 19 2 «920.0 490.0 42,81 £3. 37.36
2 2 13 i1.37
2 2 21 I 450.0 450.0 Thatbd 6. 82,96
2 2 21 2 490.0 490.0 62,47 61, €3.74
2 2 21 3¢.0%
2 2 22 1 450.0 450.0 58.82 13, 13.07
2 2 22 2 490.0 490.0 “8.47 12. 9.89
2 2 22 5.63
2 2 23 1 450.0 450.0 82,00 233, 318.99
2 2 23 2 450.0 450.0 66.70 233. 259.37
2 2 23 142,023
2 2 364433 15065.10
2 437.15% 18070.16
3 1 1 1 400.0Q 400.0 1€,51 163, 51.21
3 1 2 480.0 460.0 16.51 141, 38.89
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NETHON | LAND  ARES
NO N N
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anoee

METHOD
NO

P A N Y S Y Y N YV N YU NN Y IRPR R PR ERREEEE RSN

- L W L et e P e RS R A RS I A A S o e e e
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0-o‘..ot‘-oa‘.cyto.‘oott.l..otoono.otn'.llo..ttooo‘.-o...ltnlQ.to'ttto"tl'ol.'.

LAND

z
©

PP PP LPLLPPIPPPPII P IV WWNANWN W BB WRIRNNNNNARNNARN A NN AR e

P o

NOIT AL~ TF AR

-

ARED
NO

L N T

FIORNB ANNP I AR

SKin
~n

N AN RN N R N N e Mg v R e N o -

~ -

1
2

i

SKiD
NO

N N N e - N A N A P AR N s e ~N—

N

vl pMuM
VOLUMF
K IONED

450,0
“T0.0
45%.)
470,00
400, 0
420.0

LU
420.0

460.0
$00.0

400,0
427.0

sin.¢
550,30
«60,39
490.0

590.0
820.0

450.0
490.0

450.0
490.0

450.0
490.0Q

450.0
490.0

450.0
490.0

450.0
490.0

459.0
450,0

400.0
460.0

430.0

MINTMUY
VOLUME
SK1DDED

470.0
450.0
47Q.0
400.9
#20,0

400,00
420.0

460.9
500.0

400.0
420.0

s1%.0
550.0
“60.0
490,0

500,90
520.0

450.0
490.0

420.0
470.0
430.0
460.,0

440.0
«80.0

«50.0
490.0

490.9
*20.0

450.0
$00.0

470.0
510.0

AR MY
VCLUME
SKiDDED

450,40
470.0
450.3
“10.0
«00.0
420.0

400.0
42040

460.0
500.0

400.0
42349

510.¢
550.0
£60.0
«93.3

5033
$20.0

45040
4S0.9

45).0
450.0

450.0
450.0

450.0
450.0

4350.0
4590.0

450.0
490.0

450.0
450.0

400.0
460.0

450.0

PAX MUY
VOLUME
SKI1DDED

470.0
450 .2
47040
400.0
420.0

4U0.0
420.90

46040
$00.0

400.0
420.0

51040
550.0
440V
490.0

$00.0
204

450.3
450.0

42042
470.0

430.9°

460.0

“40.0
4«80.0

450.0
450.0

450.0
§20.0

450.0
$00.0

470.0
510.0

CYCLE  NUMARE®
TINE of
WINUTES  CYCLES
30.03 128.
25.44 122,
42.81 A9,
.43 85,
28.65 5¢.
24,62 54,
2.0 21.
19.96 30.
21.¢1 19¢.
10,54 193,
28.29 10.
26,26 10,
20.26 25,
26,417 7.
2%.E1 26,
22.%6 LN
312,%4% 4“8,
29.11 hbo
35.33 26,
3l.02 33.
6S.85% 6.
55.23 55,
27,39 3,
T73.01 Il.
34,84 58.
25.83 53,
$1.88 87,
44,03 61a
“2.71 13.
3%.47 12.
4%.05 233,
$3. 19 233,
10,61 163,
16.91 141,
310,08 128,

CYCLE NUMARER
TiME oF
MINUTES CYCLES
25 .44 122,
42.81 9.
25,43 L LN
28,53 6.
24,62 S4e
23.09 31.
19.94 0.
21.41 196,
18.5¢ 180,
28,39 in.
24,26 10.
30.346 29.
26.17 27.
2%.81 26.
22.%6 24,
33,654 4“8,
29.11 LN
30.61 13.
27.0% 12.
26,29 24,
22.93 21.
39,%6 96,
34,23 eo.
25.23 34,
22.77 3l.
34.5% 36.
4T.44 33
42.63 6l.
16.26 58,
42,26 13.
35.74 12,
20.42 223,
17.317 206,

CEEP NSNS EIPIININSODEREISRRNIENSIININEIRIES

AREASKID
TIME
HOURS

€4.2%
£1.30
63,42
80,25
2T.1%
£1.99

12,03
%.90

10.467
56,82

473
3,858

14.88
11.49
11.22

9.21

27.1%
22,39

20496
16.88

65.85
54.39

48,55
37.2%

33,55
26,38

5T.64
44,93

9,49
Te24

256,08
209,18

51.21
38.89

84,09

AREASKID
TIME
HOURS

Sl.8¢8
£3.42
50.2%
27.14
21.99

12.03
9.90

T0.61
56,82

4,73
3.8%

14,88
1t.49
11.22

.21

27.15
22,39

€.80
§.53

10,47

.13
56,74
45,89

14,33
11.86

33,51
25.82

43,50
34,86

9.61
T.1%

16.04
59.61

0093098080000 0000 ¢

1002009900838 0000 209003000900

sessvessess ALL SKIGDERS AURKING TOGFTHER essssosssss

LANUING
SKICOING
KOURS

AREA

SKIDDING

FOURS
22.19
28408

28.04
18.80

57.17

%.06

12.27

e,.3%

30.58

21.08

14,77

- 2%.29

4.1l

11%.13
237.%9

22.10

seseseneRe
LANUING

SKEBDING
HOURS

AREA
SKIDDING
FOURS

28,66

28.04
78.80

12,15

$eb3

3l.4¢

2.12

.81
$T.77

S.06

12.27

3.0%

4.8
26,95

2%.37

6449

14.58

19.35%

4.10

33.41
103,11

LANDING METHOD nETIHEO
SKIDDING SKINDING SKIUOING
(43183 HOURS cusTs
@

1258.22

2388.61

SR24,48
34l 16 15471.34

CEPRENINEIIEEETIEONIINFEININIILINITES
LL SKIGOERS WORKING TOGFTHER ssetssevsss

LANDING METHOD METHOU
SK1DOING SKIDOING SRIVVING
COsTS HOURS COSTs
3258.22
2388.61
1031.80
4271.08
264.03 10930.5¢
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VROEEB AN T CRRES I RARB ORI AIRASEPZISEIS (RSO RAEIIVC 000NN ICEI0RB0INISUPOBENBURINIR S ELRSOIPRIPLBAPEEPCOUPOIIPRPIEIROIINISNPE
essceeee PEP LANCING 9evsvssas

METHOD
NUMRER

LR N R Ry I Rk

LANDING LMD ING LANO ING

NUMBER VOLUME ACRES
1 ssrsan, 283,
1 162800, 85,
2 “nNS309, 218,
1 1e2sna, 6S,
2 144009, 1.
3 261000, 167,
1 162500, 45,
? 1644600, T,
3 $2900, a5,
* 207000, 112.

HE ThiD
VCLUME

550,

567156C,

567500,

587500,

HETHO®
ACRES

283,

283,

283,

243,

AVERAGE

WEIGHTED
AVERAGE AVERAGE
FIXED TRAVEL

SKIADING - SKICDINCG SKICDING
DISTANCE DISTANCE CISTANCE

t88,

elo.
586,

el0,
&32,
ER4,

ELn,
“32.
53¢,
€24,

4296, 4671,
182, 1587,
201¢. 32i2.
182, 1771,
176, 1221,
136, 3204,
18z, 1771
176, 1221,
A70. 1524,
1007, 1583,

ssvsseess PER METHUD ¢svessses

AVEPAGE
SKICDING
Ot STANCE

666,

593,

575.

550,

AVERAGE

FIRED
SK ICCING
OISTANCE

4296,

1399,

985,

159,

SEIGHTED
MWERAGE
Thavel
SkiuvviNe
ChblamE

4871,

2isl,

2290,

1540,

C‘OQ'O..t“..‘..‘l‘...tl"“.‘.““l‘....l."‘.."l"......'C.l".I.‘l..“’t.‘r......’.“...‘Q“."."........‘..‘.‘.'l...."

009D BRRBBRA IS

PETHOD  LANDING
NUNBER NUNBER

PEL PR W -
Ry N T

SRR SRUISI GRS

senasIRRS
TRUCK
TPAVEL
CORRECTION
Facron

.95

SEEUNBENED

MR AR A d S A AT T L L L Ty O ATy
ss%8& ALL TRUCKS WOPKING TOGETHER dssss

M
N

ETHND
UNBER

PEPLPLLPPPL DL WAL WWWWWWW NNNNNNN e

LANDING TRUC K
NUMBER NUMBER

13 1
1 2
1

N -

NN =
N -

[V

WU W NN T e e e
N -

N - N - N pue

S PP WWW NN - -
N -

CYCLE
TIME
NQURS

2,82
2.93

2.82
2.93

2.96
3.10

2.82
2,93

2496
.10

3.10
.22

2,82
2.93

2.99
3.10

3.10
3.22

3.3%
3.47

NUMBER
OF
Ly ADS

21%.3
283.8

90.3
€1.3

22542
202.5

" 80,3
8l.3

80.Q0
712.0

145.0
130.5

90.3
8l.3

80.90
72.0

28.9
26.0

116.1
‘o‘.s

TRUCK
TIME
HOURS

885.62
830.¢5

254,74
237,85

672.74
628.12

256,74
237,85

239,290
223.33

445,80
418.55

2%4.14
237.85%

239,20
223.33

89.¢1
83.67

368.5¢
362,75

LANDING
TRUCKING
HOURS

LANDING
TRUCKING
cosT

429.5¢ 17182,.48

123.00

4€20.19

324,83 12993.30

123,00

115.50

217.18

123.00

115.50

43.21

LE7.60

4920.10

4619.84

8¢eeT.21

4920,10

4¢€19.84

1730.79

7504.20

METHOD METHOD
TRUCKING  TRUCKING
HOURS cost
429.56 17182.48
447,83  17913.40

485,68 182217.16

469,37

18774,91

“‘t‘.t.‘t.“‘."“‘.."t“‘.0“00“"00#1".0“0.“‘.l““"t.““t".“"‘.’.“.“.‘tq'.““
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(222 Rl 22 212 2222t 2d

CONSTRAINTY

COoDE
1= ROAD MR
2= LAND HR
3= SKID MR
4= TRUK HR

1
3

UPPER
BOUND
VALUE

120.
600,



FETHCD SUMMAPY
BB AR SRR RIS RS SEIFRL EP SRS AR E IR ERA RS IR S AP AR AP AR AR A SIS LR LR AL SR ARUN AL DR ERC AN AR IR AORATAIIRRRUCORREIRRRLIALASILRAR RS

LANDING CONSTRLLCTION TCTaL HETHOD

RCAD COMSTRUCTION AND  SYSTEM RGVING SKILCING TRUCKING RETHCO  HARVESTING

METH o HAKVESTING uNiT
N0 HOURS t3t S /VUL HCURS s88 $/VCL FOURS tts  1/vCL +FCUPRS $¢8  f/VCL CesTS 051>

1 a. 170, 0. 1. 56. a. 65¢E. 287¢9. 51. 430, 171282, 30, 46177.95 6i.47

2 49, 1061, 2. 3. 191. 0. 437, 18G16, 32. 448, 17913. 32. 372¢1.81 65462

3 15. 1625, 3. 4o 3. 1. 374 15471, 27. 456 18227. 2. 25634, 38 2,79

4 135, 2910, S by 455, 1. 265, 16S51. 19. 469, 1b775. 33. 33090.45 58431

PEIEBESERSERRERABUNSR RS IR UABESABLIL ORI NSRRI INREAGI NN SN IRAN FETAILRLRRIEN AR AN S SL AN RN CRR S ASIDSINBRARS BB EADELEREIRRES BIAE GRS

TTERATION NO= 1

'l‘.‘.“'.tl"‘-“‘.'-‘“'..‘.”"-"‘.....l‘..0."t‘O"“.O‘QO‘lt""‘l’l"..l!."'03 EALIRIBAARLEILINERACUREREEERIIRASIIEC RADRE X

* * * * * *
. ¢« ¢ Cy ® 95,230 -it.e2 ~72.2¢ ~41.25 40,00 = RIGht e
- 2 g » »
* - A & ‘.“’.t".t.'...‘.".l’l."‘.l..‘..‘.““"““"!Ql.‘tlfl"‘.".."‘f‘ﬁ.t"‘.“tw"tt‘.’.t.‘t""“' HANy *
. o S %  # SELLING % METHOD « METHOD » NETFOD + METHCOD ¢ o $/HR % $/HR = $/HP *  $/HR = .
« (B * 1 * = PRICE $ * 1 * 2 . 2 * 4 * *  FCA0S @ LANC  * SKiL ®= TRUCK ¥ CCHsIANIS »
. « S e x LYD& (ML) x (M2} 0+ (M3) = (M4} # e {Z1) o+ 4120 % (13} s (i4) * *

"eB e RRS .'.ttttt.tt’lt‘t‘l‘t‘t’t'ttlltt".O"ltt“t‘t‘t“tttt.t:"atl‘t‘t‘Ot‘t.“‘t““"“‘t"l'"‘ll.‘t.‘tttt‘t.t.nntt;"t.tst
. *»

L g - *

. Q95,00 & X10O* 1.0Q ~567.50 ~£617.50 ~567.50 ~567.50 n.00 GO0 0.00 0.00= G.00 =
. AN s X1l 0.00 T.86 49.917 15.12 134.5% ~1.00 0.00 0.9 0.00% 0.30 =
» 0,00 * Xx12% 9.00 6.78 Zoth 4,31 6.29 D.00 ~1.00 o.00 a.,00e 0.00 ¢
- Q.0 & X13# ©.,.00 465,15 437,15 274416 264 .E3 Q.00 Q.G0 ~1.00 0.00% J.00 ¢
- 0.00 * X1la® 0.00 429.5% 467,82 455,68 469.2 0.09 Q.00 J4.00 ~1.00¢ C.o00 *
® -21.62 ® X153% LoV} 0.00 0.00 3.00 g 0,u0 Q.90 0.0 0.00= 5671.50 ¢
* ~F2.2&6 * xl6* ¢ .00 1.00 1.00 1.00 1.G9 Q.00 0.0 .09 0.00% i.00
« ~641,35 %« X1T* 0.00 0.00 0.00 D402 J.20 1.63 0.00 0.30 0,00 120.00 *
* ~4Q.00 * X18* Q00 0.00 0.00 0,00 ¢.(0 Q.00 .00 .00 C.GQ% 606,00
* * . * *
00..."‘.ﬂ‘t‘t‘.‘t#‘tt"tt"lt"‘ﬁ“ll'“Oi.“""‘t.”"tt"'&.‘O"Ottn‘ﬂt‘Qn..‘mait.“l'»..r.l‘.‘t‘#ttt"'.t"s‘.le.l..Q““)'.'
* * * 1 = *
*« (~-B8AR RCOW hd 35430 D40 0.0 0.00 8.C0 ~21.¢3 ~-12.26 ~41.3% -49.00% B.®
”‘..l‘O"““..t.-..t.".ll‘.“"ltt.“.#.‘.“‘.“".‘t“'!t’l“‘tttinl.tl‘tt‘tt-‘.i.'.‘tl".c.tt’."t‘tl".‘.l‘t'ﬁ"““!!."‘

AFTER 1€ ITERATICNS THE OPYIPUM SCLUTICN CCASISTEC OF:

F e T T e TR T T T T L e S h bbb b tivhiitahit db bbbttt s ] e
ROAD LD LANCING COAST LANCING CONST TuTAL

METHOD MCTHOD coNsT CONST ANC SYSTEN aND SYSTEM SKIDDING SKIODING TRUCKING TRUCKIAG WETHOD
§  PROPORTION HOURS cosTs s L casTS HOURS COsTS HOURS CosTs CUsSTS

4 0.75 101.46 2198. 4,8 343, 200, 8269, 35445 141 7€, 24989 .

3 Q.24 lé.4 398, 1.1 16, 92. 3788, L11l.6 4463, B8725.
TOYALS: 1.00 120.0 2596. o€ 419. 292. 12057. 466.0 18641. 23713,

s
.‘.".‘t‘..‘tt-l".“t.'.ﬁ‘#.l"“.“'..“""'.".'t’..’.'l.“l"Q‘...“0‘3".""‘U“"‘.'.D".""'.‘.-.“.t‘..‘-“‘""Ql‘-‘

QQ..'O.'“D"’O“"".‘l“'t““%“."“'..l..‘l."‘.'.....‘ll""l."O..O'O.".O".t.'."‘

(A} TCTAL DELIVERD PRICE CF HARVESTED TIMBER: 53913, UNIT PRICE: 95,00
(B) TOTAL HARVESTING COSTS {THGSE CCNSIOEREDD: 33713, UNTY COSTS: 5%.41
DIFFERENCE: (A)-{8): 20199, 35.59

..."“t..‘.““‘...‘t'.““t.““*“.“‘llt.QQ“‘.Q.l"‘..".t“"t...‘l"“““.'."l".

ITEQATICN MOx 13

t“t“ttl.t..‘t‘t““".’t".t.t"."Q‘l‘U'Q.‘l'tt..t"‘."Q".l'.O.t.t‘.."‘t‘t‘.t"“.'.“‘tl““"“'.‘.‘t‘.t".".l.‘t"b.'.
* . . * -
. & €4 ¢ 95.m0 -21.67  -72.26  =41.35  =40.00 ¢  RIGHT =
»* « g . * -
- * A x “‘t"tl.tﬁt.i".““!O"O.QQ"IO‘.."‘...OQ‘I'.'.l.t‘.."QOl".l..“."t.t‘“'Q‘ltt.t‘.“l“t.‘t‘t“ ﬂAhD -
- * S * SELLING * YETHOD ¢ METHOD ¢ METHOD #* METHOD * * 3/HR ¢ $/FR $/HR * $/HR * »
s R & 1 % ¢ PRICE § * 1 * H » 2 s 4 + * RCADS * LAND = SKID * TRUCK * CONSTANTS =
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SENSITIVITY ANSLYSIS

NOTE: VARIABLE CQDE NUMSEPS USED IN SENSITIVITY
ANALYSIS ARE NOT EASY TC CORRELATE w»iTF DULTPLT
COLUMNS ANO ROWS FROM LF MATRIX

USERS FAMILIAR WITH LP SHOULD MAKE CHANGES IN

INPUT COSTS (CJ) AND PESCURCE LIMITS (EJ) TO
BECOME FAMILTAR WITH THE SENSITIVITY ANALYSTS as 17
APPLIES TO THE CONVEX~ISCCUANT-METHGE FORMLLATION
USFA M t=n=S~T

SHADMW PRICES ARE CHANGF I[N ORJECTIVE FUNCTICN VALUE PER UNIT CrancE
IN RIGHT HAND SIDE CONSTRAINTS,

PENALTY COSTS AR® CHANGE IN OBJECTIVE FUNCTYICN VALUE FER UNIT
INCREASE IN NON-BASIC VARIABLES,

RANGES ON ClJ) REPRESENT t IMITING VALUES OF COST COEFFICICERTS THAT
WILL NOT CHANGE THE CPTINN SOLUTION

RANGES CN ®(1) REPRFSENT LIMITING VALUES CF RICFY FAND SIDE CONSTRAEMTS
THAT WILL NOT CHAMAT OPTIMUM BASIC VARIBELES.

NOM.aASEC PENALTY
VAP [ABLES cosT
1o ~67.947
11 ~€4,42¢
12 ~12.260
13 ~41.350
14 ~40.CCO
15 ~27.0%3
17 ~42.7%8
2 ~766%,563
3 ~-492,884
ROW SHACOW
NUMBER PRICES
1 0.300
2 g.cC0
3 0.C00
4 ¢.000
5 0.000
& 0.0C0
7 0.000
8 0.000
9 0.600

RANGES ON NMM-BASIC C(J)

VARIABLF LOWFD LIMIT
10 67.547
it 64,42¢
12 Ti.2¢€0
13 41,360
14 40,300
15 271,083
17 42,786

2 1665.5€3
3 492,884

RANGES ON RASIC Ct{J)

VARIABLE LOWER LIMIT UPOER LiIMIT
16 ~38559,350 15352, 200
18 -23.2¢€7 30,046
1 67.547 999393 ,008
4 ~342,664 2543,5%0
5 ~2543,560 11264,623
[ ~64,425 CAT372.R50
7T =693.425 0.000
8 ~Tl.w22 -13.081?
9 ~T14.8¢1 0.0

RANGES ON 81LI1)

H LNWER LIMIT UFPER LIMEY
1 567.500 561,500
2 2744124 132.501
3 ~559799, 000 1.923
4 304.219 501.994
5 ~36599%.000 440,392
[ =0.000 ~2.Q60
7 1.000 9959193 ,0600
8 274,124 132.5491
bl 504.21y 999599.00¢




Appendix 8—L-O-S-T Program Listing

100 /AL0ST  J0B (IFS26.K,153), 'KOGER' NOTIFY=UFS26.K, MSGOLASS A,
00200 // MSALEVEL=(1,1)

00300 /*ROUTE PRINT LOCAL

QU400 /*J0BPARM T=21,L=4(K

00500 // EXEC WATFIV

00600 //WATFIV.SYSIN 0D *

00700 /J0B KOGER, PAGES =60, 51000000, TIME=25

00800 DIMENSION DZRHP(5)  OZREF (5),00RC(5) , SKOHP(10),, SOWT(10),
00900 1SKDEF (10) ,SKDHC(10) , TKTENW(10), TKTLNW(10},,

01000 ZIKTEWO(10), TKTLWD(10) , TKFTRC(10) , TKEF (10) , KV (10),
01100 3KHC(10), ILAND(10) ATILE(16),

01200 4INRSAM(20) ,JWREA(4,10) ,06FTB(4,10)

0130 DIMENGION AREAV(4,8,25) AREAA(4,8,25) AREAMN(4,8,25),
01400 1AREAMX(4,8,25) AREAFD(4,8,25) JREACF (4,8,25),

01500 2MREATS(4,8,25) AREADI (4,8,25) MREAFT(4,8,25),

01600 3W0LM. (4,10) ,VOLEM(4) , TKTCF (4, 10)

01700 4,/REA(4,8,25),VOLMA(4,10) ,ACRBM(4)

01800 5 ASKOBL (4, 8) ,FSKDRL (4,8)  WSKDBL (4,8) ASDBM(4) ,

01900 EFSKDEM(4) ,WSKDEM(4)

02000 DIMENSION LOG¥ET(11,20),5M(10,10,14) . SMET(2,50) ,C1(25)
100 COMON C(25),P(25),0M2(25) ,A(25,25),20(25) , | WR(25) ,PODST(25)
20 1,9400(25),0.(25),QU(25),0P(25),0.0(25) ,B0P(25) ,B.O(25)
30 2.B(25),0C(25) ,JWR(25), IAR(4) ,PREP(4) ,RC(4) .LD(4) K (4),
02400 3K(4)

REAL LOGMET,LD,LAMMC

C COMMENT CAROS BY RAVINDRAW, ETC.

L~0-S-T IS DIVIDED INTO 2 SECTIONS; THE FIRST SECTION
CALCLLATES LOGGING COSTS AND THE SECOND SECTION USES
THESE CDSTS AS INPUT FIR THE LINEAR PROGRAM

HHIHH SECTION 1 BRI

CTRAD CONVERTS [EGREES TO RADIANS; CTDEG COMERTS RADIANS
TO (EGREES; KR=5 FR READ .
READ(KR, YY) ; Ki=6 FOR WRITE WRITE(KW,1Z)

BEERSEERACRRREREERRTEY
SEEEEEEEEEEEEEEEEEEEE

04700 CTRAD = 0.01745329
04800 CTDEG = 57.29578
04900 KR=5
05000

KW =6
05100 CX

620

05300 CJK CONPTB=CONVERSION POLNDS TO BOARD FEET,WALLE CF 0.11951
05400 CX TAKEN FROM TVA TEGHNICAL NOTE B46, 1982 BY JERRY KOGER
05500 CX “L0G LOADING METHODS AND COSTS IN THE TENNESSEE VALLEY
05600 CX REGION PAGE 20

06700 CX CONBTB-CONVERSION FROM BOARD FEET TO BOARD FEET 1/4 INT
05800 CX CONCTB=CONVERSION FROM CIRDS TO BOARD FEET

05900 CK  CONUTB= CONVERSION FROM OLBIC FEET TO BOARD FEET

06000 CK  THESE COMVERSIONS ARE ONLY LSED IN SKIODING TIME EQUATIONS
06100 CX

8

QONPTB=0, 11951

(ONBTB=1.0

(ONCTB=687.,2746

06500 (ONUTB<5, 7947

06600 CX

06700 CX

06800 G *rnmiiovieas CARD TYPE 1
06900 CX

Q7000

07100 READ(KR, 70) (ATITLE(ITR),ITR=1,16)

07200 70 FORMAT(16M)

07300 WRITE(KW,80) (ATITLE(ITH),ITWsl,16)

07400 80 FORMAT(IHL,/,2X, *TITLE L-0-5-T RiN=*,4X,16M)
07500 CX

288

>

07900 CX

08000 CX NETH=# OF METHIDS; NOZR=ICF DOZERS; NSKD=# (F SKIDCERS;
08100 CX NTRK= # (F TRUOKS; ICTRAT=# (F USER SUPPLIED CONSTRAINTS
08200 CX FR LP AWALYSIS; LPCIE=LP OUTPUT MATRIX (EBUG COCE
08300 CX

08400 READ(KR , S0)NETH,NOZR, NSKD  NTRK , ICTRAT , ILPAMNA,LPCTE
08500 90 FORMAT(I2,1X,12,1x,12,1X,12,1%,11,1X, 11, 1X,11)

08600 WRITE (Ko, 100)NETH, NOZR , NSKD, NIRK

08700 100 FCRMAT(3X, 'NIMEER OF METHOOS=',2X, 13,/,4X, MMEER GF",

08300 11x, '00ZERS=*,2X,13,/,2X, "NUMBER OF SKICDERS=*,2X,13,/,
08900 24X, 'NMER OF TRUOG=',2X,13)

09000 WRITE(KW, 125) ILPANA,LPCDE,, ICTRAT

09100 125 FORMAT(AX,'LP ANALYSIS CDKE=',3X,12,/,6X,'LP QUTPUT (DOE=*,
09200 13x,12,/,2X, ' # USER CONSTRAINTS=',3X,12)

09300 M=ICTRAT+S

0400 M2=NETHHICTRAT+IO

09500 CX

09600 CX

09700 CX ZERG OUT AREA WOLLME ARRAY

09800 CX

09900 CX

10000 00 150 IZAWEL NETH

10100 00 140 IzAW.=1,8

10200 00 130 12AWA=1,25

10300 PREAV(IZAW, IZAVL, 1ZAVA)=0.0

10400 130 CONTIME

10500 140 CONTIME

10600 , 150 CONTINE

10700 CX

10800 CX

10900 CX

11000 CX ZERO OUT SELECTED ARRAYS USED IN LP SECITON CF LOST
11100 CX

11200 00 170 10L21-1,25
11300 00 160 IDL22=1,25
11400 AIDL22,10.21)=0.0
11500 160 CONTIME

11600 170 CONTIME

11700 D0 185 1Z0UT1=1,11
11800 00 180 J70UT251,20
11900 LOGET(IZOUTL, 1Z0U2)=0,0
12000 180 CONTIME

12100 185 CONTINE

12200 00 190 1ZQUT3<1,25
1230 CHIZOUT3)=0,0
12400 C(120073)=0.0

12500 P(12073)=0.0

12600 0M(120U73)=0.0
12700 2X(120073)=0.0
12800 IVAR(1Z0UT3)=0.0
12900 POOST(1ZOUT3)=0.0
1300 SHADO( 1Z0UT3)=0.0
13100 QL{1Z0UT3)=0.0
13200 QK 120073)=0.0
1330 QUP(1Z70UT3)=0.0
13400 QO(1Z0UT3)=0.0
13500 BP(1Z0UT3)=0.0
13600 BLO(1ZOUT3)=0.0
13700 B(1Z0UT3)=0,0

13900 CC(120073)=0,0
13900 MR(IZ0UT3)=0.0
14000 190 CONTINE

14100 CX

14200 CX

14300 CK *hokkrrnnee CARD TYPE 3
14400 CK

14500 CX

14600 CX  IUNITUNITS COCE FOR BOARD FEET (ORDS, ETC; HARVOL®
14700 CX VOLUME HARVEST; PRODPCSPRODCT SELLING PRICE;

14800 CX  SYSMECSSYSTEM MOVE HOWRLY COST; OFTBTMMDISTANCE IN MILES
14900 CX FROM TRACT BOUNDRRY TO MILL

15000 CX

15100 READ(KR,200) IUNIT, HARVOL. ,PROCPC, SYSMHC, (FTBTM

15200 200 FCRMAT(IL,1X,F10.0,1X,F7.2,1X,F7.2,1%,F5.1)

15300 IF (IUNIT.EQ. 1 WRITE (KW, Z50)HARVOL

15400 250 FCRMAT(2X, ‘HARVEST VOLUME=* ,22X,F11,0,2X, 'POUNS* )
15500 TF (IUNIT.EQ. 2)WRITE (KW, J00) HARVOL

15600 300 FORMAT(2X, 'HARVEST VOLUE=',22X,F11.0,2X, ' INT, BOARD FEET*)
15700 IF (IUNIT.EQ. 3JWRITE(KW, 350)HARVOL _

15800 350 FCRMAT(2X, "HARVEST VOLUME=',22X,F11.,0,2X, ‘CUBIC FEET')
15500 TF(IUNIT.EQ. $)WRITE (KW, 360)HARVOL

16000 360 FORMAT(ZX, 'HARVEST VOLIMEs' 22X F11,0,2X, CORIS' )
16100 WRITE(KN, 400)PROIPC, SYSMAC, (FTBIM

16200 400 FCRMAT(2X,'PRICE IN SELLING UKITS ($)=' 15X,F8.2,/,2X,
16300 1'HOWRLY LANDING MVE QOST ($)=',13K,F8.2,/,2X,

16400  2'DISTANCE FROM WOOOS EDGE TO MILL (MILES)e',2X,F6.1)
16500 WRITE(KH, 450)

16600 450 FORMAT(/,2X,20(***),/,2X, 00ZER" ,2X, 'TOZR' ,

16700 13X, 'DOZER*, 3%, 'HORLY' ./, 1X, 'NMER' 5K, 'HP* 3, 'BFFIC’,
16800  25X,°C0ST*,/)

16900 00 475 I0L00=1,NETH

17000 IF (IUNIT.EQ. 1 )LOGMET( 1, I0L.00) =-HARVOL/2000,0

17100 IF{IUNIT.EQ.2)LOGET(1,10L00)=-HARVOL/1000,0

17200 IF(IWNIT.EQ. 3)LOGMET( 1, 101.00)=-+ARV0L/100,0

1730 IF{IWNIT.EQ. 4)LOGHET( 1, 10L00)=HRWOL/1,0

17400 475 CONTINE

17500 OTHC=0.0
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17600 00 600 I0L01=1,N0ZR

18000 CX

18100 CX

18200 CK  DZRPH()=DOZER HORSEPOWER; DZREF ()=00ZER EFF ICEINCY;
18300 CX  DZRYC()=DOZER HOLRLY COST; SMOZHCSDOZER

18400 CX HOLRLY COST

18500 CX

18600 READ(KR , 500)DZRHP( 10LO1 ), DZREF ( I0LOL ), DZRHC(10LOL)
18700 500 FORMAT(F4.0,1X,F4.2,1X,F6.2)

18800 SOZFC'S'OZI'C*'DM(I&OI)

18900 WRITE(KW,550) I0LOL,, DZRHP( IDLO1 ), OZREF (I0LOL ), DZRHC(10LOL)
19000 550 FG'M\TMX 13,2X,F5.0,3%,F5.2,2X,F7.2)

19100 600 CONTINE

19200 WRITE (K, 650) SMOZHC

19300 650 FORMAT(/,2X,29('**),/,23X,F8.2)

19400 WITE(KW, 700)

19500 700 FORMAT(2(/),2X,51('*'),/,46X, 'SKIDDER" ./,

19600 12x, *SKIODER" GX 'SKIUIR‘ 3X, 'SKIDDER" 2X

19700 2' SKI[]IR' 6X, HARLY' /3X "MMER' 3X

19800 3'HRSEPOHER' X, WETGHT' 4, 'EFFIC!, BX 'cosT*,/)
19900 MKHC0.0

20000 DO 850 10L02=1,NSKD.

20100 CX

20600 CK  SKDHP( )=SKICDER HORSEPOWER; SKOWT()=SKICDER WEIGHT;
20700 CK  SKDEF ()=SKIDER EFFICIENCY; SMSKHC=SUM OF ALL SKICDERS
20800 CX HORLY QOSTS
20900 CX
21000 READ(KR , 750) SKDHP( 10L02) , SKDWT( 10L02) , SKDEF (10L.02)
21100 1, S(l}C(Iﬂ.OZ)
21200 750 FORVATIF4, 0,1X,F6.0,1X,F4.2,1X,F6.2)
21300 SGGC“S?MUW(IU_ )
21400 WRITE (KW, 800) 101,02, SKDHP(10L02) , SKDWT( 10.02) , SKDEF (10L02) ,
21500 1KOHC(10L02)
21600 800 FORMAT(5X,15,7X,F6.0,2X,F8.0,1X,F7.2,5%,F7.2)
21700 850 OONTINE
21800 WRITE (KW, 900) SMSKHC
21900 900 FORMAT(/ ,2X, 51(’*') o/ ,45%,F8.2)
22000 WRITE (KW
22100 950 FMT(Z(/) 2X 78('*)/, 9, ** NON-WOOLS ***,
22200 13X, !t dwdoex H'IIB
22300 21X, "kt [ GK, ‘TRA\EL' 3X, 'TRAVEL' 3X,'TRA\€L X,
22400 3 TRAVEL! 3X ’FIXED',/ IDX 'EM’TY' 3X, ' LOADED' 4X,‘EM’TY'
2250 X, *LOADED! 4X,'TME' 14X, 'CYQLE! 4X TRUK,/,2X,
22600 5'TRUCK ', 3X, 'SPEED ", 4X, 'SPEED" ,4X, ' SPEED" ,5X, 'SPEED' ,
22700 65X, PER! ,3X. “TRUX ,6X, 'TRUX',3X, "HOLRLY' ,/.IX.
22800 7'NMER' ,5X, 'MPH' ,6X, 'MPH* ,6X, "MPH" 7X, ' MPH' ,4X, 'LORD' ,
22900 83X, "EFFIC' 5K, 'VOLUME " ,5X, *00ST* /)

MTKHC=0.0

23100 00 1100 10L03=1,NTR

23400 CXK  Wtonioreenk  CARD TYPE 6

23700 CXK TKTENW()=TRUCK TRAVEL SPEED EMPTY OMER NON-WOODS ROAD
23800 CX  TKTLNW()=TRUCK TRAVEL SPEED LOADED OMER NON-WOODS ROAD
23900 CX  TKTEWD()=TRUCK TRAVEL SPEED EMPTY QVER WOOOS ROAD
24000 CX  TKTLWO()=TRUCK TRAVEL SPEED LOACED OVER WOODS ROAD
24100 CX TKFTPC()=FIXED TIME PER TRUK CYOLE IN MINJTES

24200 CX TKEF ()=TRUK EFF ICIENCY (IE 0.80)

24300 CX  TKVOL()=TRUX YOLIME

24400 CX TRAVEL SPEEDS ARE IN MPH

24500 CXX  SMTKHC=SUM OF ALL TRUCKS HOWRLY QST

24800 READ(KR , 1000) TKTENW( IDLO3) , TKTLAW(I0L.03) , TKTEWD(IDL03),
24900 1TKTLWO(10L03), TKF TPC( 10L.03) , TKEF ( I0L03), TKVOL(10L03),
25000 2TKHC(10L03)

25100 1000 FORMAT(5(F4.1,1X),F4.2,1X,F10.2,1X,F6.2)

25200 MIKHC=SMIKHC+KHC(10L03)

25300 WRITE(KW, 1050) 10L03, TKTENA( I0L03) , TKTLNW(1DLO3)
25400 1TKTEWD(10L03) , TKTLWO( I0L03) , TKFTPC(I0LG3) , TKEF (10L03),
25500 2ZTKVOL(10L03), TKHC( 10L03)

25600 1050 FORMAT(2X,14,3X,F6.2,3X,F6.2,3X,F6.2,4X,F6.2,2X,F6.2,2X,
25700 1F6.2,1X,F10.2,2X,F7.2)

25800 1100 CONTINE

25900 WRITE (KW, 1150)SMIIGHC

26000 1150 FORMAT(1(/),2X,78(**"),/, 71X F8.2)

26100 WRITE(KW,1175)

26200 1175 FORMAT(1HL,/,2X,26( ' *'),/,12X, 'NUMEER" ,8X, 'NMBER ' ./,
26300 12X, *METHDO' ,6X, 'ROAD" , 8%, '0F ', /,2X, 'NUMEER* ,2X,

26400 2'SEGMENTS' ,2X, 'LANDINGS ' ,/)

26500 DO 1250 I0L04=1,NETH

27000 CXK
27100 CX  IMETHSVETHOD NUMEER; IROSEG-NUMEER (F ROAD SEGMENTS
27200 CX FOR THIS METHOD; ILAND()= NMEER (F LANDINGS F(R THIS METHOD
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2730 CX
27400 READ(KR , 1200) IMETH, IRCSEG, ILAND(10LO4)
27500 1200 FORVAT(11,1X,12,1X,12)

INRSBM{IDL04)=IRDSEG

WRITE (KW, 1225) IMETH, IRDSEG, TLAND(IDLO4)
1225 FORMAT(4X, 14, 6%, 14, 6X, 14)
1250 CONTINE

WRITE(KH, 1275)
1275 FORMAT(/ ,2X,26("*'),//)

WRITE (K, 1300)
1300 FORMAT(2(/) ,2X,43('** ),/ , 22X, 'NUMEER" ./,

12X, "METHID' ,3X, 'LANDING' ,2X, 6K, 'OF * ,5X, 'MAXIMM AREA' ./,

22X, 'NUMBER 4, ‘MR ,5X, *AREAS ' 5%, 'COLE  NMBRR',/)
1325 CONTIME
28700 CX
28800 CX

:

BEZRRRREES

MN=METHOD NOMEER; JLN-LANDING NUMEER;

J¥A= NMEER OF AREAS

JHNMAXIMM VALLE (F AREA COCE NUMEER ; IS THE SAME
AS JNA ONLY IF AREAS ARE COLED IN NUMERICAL SEQUENCE

SPEEEEES:
REEREESEES

READ(IR , 1350) MN, LN, IR, JMAN
1350 FORMAT(11,1X,12,1X,12,1X,12)

FF(IMN.EQ.0)E0 10 1400

JVREA(IMN, JLN)=JMN

WRITE(KW, 1375 ) N, LN, JNA, OMPN
1375 FORMAT(4X, 14,6X,14,6X,14,14X,13)

@ I 125
1400 WRITE(KW,1425)
30700 1425 FORWAT(/ ,ZX,43( )20

WRITE (KW, 1450)
1450 FORMAT(2(/),2X,127('** ),/ 59X, 'CUT* ,3X, 'FILL* ,4X, 'ROAD",
31000 VZX'EMDZX‘SEGENT 3xmzmsx,m3x
31100 2'ROAD" ,3X, "ROAD" ,3X, 'SIDE* , 2X, *SLOPE® ,2X, "SLOPE* ,4X, ' TYPE!
31200 X, 'CLBIC‘
31300 MX 'ARES* ZX *SEGMENT* ,2X, *SEGMENT* ,2X, 'METHID ,2X,
31400 S'WJZXW.?XMIERZXM)ERK
31500 6'LENGTH' ,2X, 'WIDTH" ,2X, *SLOPE * ,2X, *SLOPE ' ,2X, *RATIO" ,2X,
31600 7'RATIO" X, *COCE* ,4X, " YARDS * ,2X, "QLEARED" ,4X, 'HOWRS ',
31700 85X, '00ST*,3X, 'HOLRS* ,4X, *00ST" /)

ZHSERZRRZ BEAZ

32000 CX START OF 00 LOOP BY METHOO++++R0AD CONSTRUCTION TIMES

3230 DO 1850 10LOB=1,NETH

32400 SROSL=0.0
SROCY=0.0
SRNA=0.0

32500

32600 3
R0 SROR=0.0
2600 SROM-0.0
32900 I0LB01=INRSEM(10L05)
33000 T0LBOR=INRSEM(1DLOS)
33100 TF (10LB0L.EQ.0) I0LB2=1

START (F 00 LOOP BY ROAD SEGMENT+HAOAD CONSTRUCTION TIMES
DO 1650 ML06=1, 100802

ROADSL=ROAD SEGMENT LENGTH IN FEET; ROADSW=ROAD
SEGVENT WIDTH ISEGMENT SLOPE IN PERCENT

OF DIRECTION BUILT; ROADSS=ROAD SEGMENT SIE SLOPE IN
IN PERCENT; ROADCR=ROAD SEGMENT QUT RATI; ROADFR=
ROPD SEGMENT FILL RATIO; ROADTY=ROAD DIFF ICULTY QOOE

SR
RREREREEREESS SRESS

35100 READ(KR , 1500)ROADSL. ,ROADSW, ROASP , ROMSS , ROADCR ,ROAFR ,ROADTY
35200 1500 FORMAT(F7.0,1X,F4.1, 1X FS 0,1X,F5.0,1X,F5.2,1X,F5.2,1X,F5.0)
IF(10.B01.£Q.0)0 01
IF (ROADSL..£0.0.0)80 O 17(1)
FOLLOWING EQUATIONS COMPUTE QBIC YARDS (F EARTH REMNED
IN ROAD BUILDING BASED ON EQUATIONS BY JOHN K. BOWMAN,
ROBERT B. MOOREA, AND CARL L. FONNESBECK "A METHOO
OF FIELOOESIGN APPLIED TO FOREST ROADS™ PAGE 194,
IN: LOW VOLLME ROATS, SPECIAL RERRT 160, TRANGPCRTATION
RESEARCH BORAD, MTIOO\L RESEARCH mucm NATIONL
ACATEMY (F SCIENCES, WASHINGTON OC, 1975

SHRIKF HAS A VALLE OF 0.20 IN CRDER TO CBTAIN THE VALLES
F(R QUBIC YARDS AND ACRES GIVEN IN THE 4 ™ EDITION OF
“ENGINEERING FIELD TABLES™ USDA FOREST SERVICE AND BLM
JULY 1976, (EM7100-10)



37100 SRIKF=0.20

37200 ROALSD = ATAN(ROASS/100.0)*CTEG

3730 ROACS = ATAM(ROAXR )*CTIEG

37400 ROADGF =1 .000-( 0, O144R0ADSP ) 0. 00D 1S*ROADSPAROADSP )
37500 ROADFS = ATAM(ROADFR )*CTOEG

37600 Q0CC = COTAN(ROADSD*CTRAD)

37700 A0 = COTAN(ROADSD*CTRAD)-ROADCR

37800 Al = AO*(14SRIKF )

37900 A2 = COTAN(ROADSO*CTRAD ) -ROADFR

38000 A3 = S(RT(AL/A2)

38100 M = ROATBW/2.0%(A3-1.0)

38200 K = M/(A3+1.0)

38300 OF = ((ROALSW/2.0)-BK )/(COTAN(ROADSD*CTRAD) -ROALFR)
38400 DC = (BK+ROADSW/2.0)/(COTAN(ROADSD*CTRAD)-ROADCR )
38500 THETA = 180.0-ROADCS

38600 BASEL = OC/TAN(ROAISD*CTRAD)

38700 THETA = 180.0-ROADFS

38500 AREAF = (1.0/2.0)*(ROADSW/2.,0) *A0RLF R*SIN( THETA*CTRAD)
38900 BASEZ = DF/TAN(ROADSO*CTRAD)

39000 BASE = BASEL+BASE2

100 BASECU=DC/ TAN(ROADCS*CTRAD)

39200 AREAC=(0.5%( (ROADGW/2. 0) 48K +BASEQU)*(C )~( 0. 5*BASECUMC)
39300 ROADNA = (BASE*1000.0)/43560.0

39400 ROADCY = (AREAC*1000.0)/27.0

39500 CUBE YD=( AREAC*ROAISL ) /27,0

39600 ACRES=(BASE*ROADSL. ) /43560.0

39700 SROSL =SMROSL+ROADSL

33800 QROCY=SMROCY+OBEYD

39900 JRONA=SMRONA+ACRES

40000 SROSH=0.0

CX
CK
40300 CX  START CF 00 LOOP FOR DOZERS+HHROAD CONSTRUCTION TIMES
CX
CX
00 1600 I0LO7=1,NDZR

CX
40800 CX  SEGROH=HDIRS TO BUILD THIS ROAD SEGMENT; BASED ON EQUATION
40000 CKX  BY JERRY KOGER 'FACTORS AFFECTING THE CONSTRUCTION AND
41000 CX  COST OF LOGGING ROAS“ TVA TECHNICAL NOTE B27, TENNESSEE
41100 CX  VALLEY AUTHIRITY, NORRIS, W, 37828 PAGE 30, ig78
41200 CX  EQUATION MOOIF [ED BY LATER AVLYSIS INTO DIFFERENT ROAD
41300 CX  TYPES... SEE FACTOR ROADTY F(R THIS ADRSTMENT
41400 CX RO\IEY-C\BICWH)SG‘EMTHPB?MIJFTG’MD
41500 CKX  ROADNA= NUMEER (F ACRES OF QLEARED RIGHT OF WAY PER
41600 CX  1009.0PE CORRECTION FACT(R TO
41700 CX  PRODUCE VALUES GIVEN IN FIGRE 22 F TVA TECH NOTE 827

41900 CX

4200 SEGROH=(ROADSL/ROADTY) *

42100 1(0.524*SQRT(ROADCY/(ROADSF *DZRHP(10L07) ) )+

42200 212.668*SORT (ROADNA/ (ROADSF ADZRHP( 10L07) ) ) ) /OZREF ( 10L07)
42300 PROSH=SMRISHH 1.0/ SEGROH)

42400 SEGROC=SEGRDHHIZRHC(10L07)

42500 WRITE (KW, 1550)10L05,10L06,10L07 ,ROADSL ,ROADSW, ROALEP,
42600 IWSRWWRWYQEYDKRESEWSEW
42700 1550 FORMAT(4%,14,5X,14,4X,14,1x,F8.0,1X,F6.1,1%,F6.0,1X,
42800 1F602XF522XF522XF601XF811XF811XF81F92)

42900 1600 CONTINE

43200 CX  SMRDHS=NUMEER OF HOLRS TO BUILD THIS ROAD SEGMENT
4330 (X IF ALL DOZERS WORKED TOGETHER

43600 SROHS=1. 0/ MROSH
43700 RO IROHS
43900 SROCSSMOHS*MOZHC

SPROCM=SMROHM*SMOZHC
44000 TF (NDZR.GT. L WRITE (KW, 1625) 10,05, 1006 , SROHS, IROCS
44100 1625 FORMAT(4X,14,5X,14,B1X,F6.1,F9.2)
44200 1650 CONTINE
44300 1700 (ONTINE
44400 IF(10LBO1.EQ. O)SRDHM=0,0
44500 ¥ (10801 EQ, O)SROOM=0, 0
44600 LOGMET(2, 10L06)=SMROHM
44700 WRITE (KW, 1800) I0LOS . SROSL , SMROCY , SFONA,
480 130D, RO
44900 1800 F(R’ATMX 14 17X.F9 0,43,F9.1,1x,F8.1,18x,F8.1,F8.0,//)
45000 1850 (DNTINE
45100 WRITE (KW, 1900)
45200 1900 FORMAT(/,127(***))
45300 WRITE (KW, 1950)
45400 1950 F()W\T(lﬂl.// 2X,127('*' )/, 110X, 'WEIGHTED' ,5X, 'METHOD",/,
45500 119X, 'DISTANCE® , 3X 'LADING' ,2X, ' RVERAGE" lDX H)tRLY‘
45600 211X *LANDING' 3X 'LNDIM;' 3X 'SysTEM' 3X 'SYSTEM'
45700 X, ‘BUILDIM;‘ 5)( ‘MMVE &',/ ZX mmo' ZX "LANDING! A6,

45800 A'FROM’ 6, 'SIZE" ,6X, "ouT* 3%, "00ZER! X, "DOZER" 3X.'EFFIC',

45900 52X, 'WILDIM':' 2X,'&JILDDG‘ 5X,‘?OIE 5X 'MVE',2X,
46000 6' &?OJIPG' 4X, 'LANDING® ,

46100 6/,2X, 'NOMEER"* ,3X, ' NMER' ,2X, 'BOUNDARRY' ,5X,

46200 7'ACRES! X, DEPTH! 6X,’HP' 4X 'QosT', 4)( "O0CE ! 5%,

46300 8'HORS' 6X 'COST' ,4X, 'HORS' 5X (I)ST‘ 5)( 'D{IRS‘

46400 97X, “osT! /)

46700 CK  owciciiakior CIRD) TYPE 11

47000 CX  ILDZR=INPUT OROER NUMEER OF DOZER UBED TO BUILD
47100 CX  LANDINGS... ONLY ONE DOZER IS ALLOWED TO BUILD
47200 CX  LANDINGS

47600 READ(KR ,2000) ILDZR
47700 2000 FORMAT(I1)

47800 CX

47900 CX

48000 CX  START (F [0 LOOP FOR METHOUS+++ LANDING CONSTRUCTION TIMES
48100 CX

48200 CK

00 2200 10L0B=1,WETH

YRA0.0

MR=0.0

HSME0,0

48700 904.-0,0

10LBO3=ILAND( IDL0B)

AazE

START OF (0 LOOP FOR LANDINGS+++-HANDING CONSTRUCTION TiMes

ESESEfs
28888

00 2150 I0L09=1, I0LBO03

g
g

CX  OSFTB()=DISTANCE IN FEET FROM TRACT BOUNDARY TO THIS LANDIG
CX  ARESL= AQRES IN THIS LANDING... SIZE OF LANDING

CX  CUTL=AVERAGE CUT CEPTH OF EARTH REMOVED IN BUILDING LANDING
CX  EFFL=DEFFICIENCY FACTOR FOR THIS LANDING (IE 0.80)

CX  SYMR=SYSTEM MM TIME IN HORS TO THIS LANDING; NOT A
CX MNE IN TIME BUT A MOVE EETWEEN LANDING TIME

50800 READ(KR , 2060)05F TB(10L0B, I0L09) ACRESL ,CUTL EFFL,SYSMR
50900 2050 FORMAT(FB.0,1x,F4.1,1x,F4.1,1X,F4.2,1X,F5.1)
51000 APPLL =(ACRESL*43560.0) /26,70

51100 APPCYL=((APPLL*CUTL*26. 70)/27.0)/(APPLL/1000.0)
51200 APPACL=(( (APPLL*26, 70)/43560.0) )/ (APPLL/1000.0)
51300 CX

51400 CX  LOGIC WAS TO CONVERT LANDING SIZIN ACRES TO AN
51500 CX  EQUIVALENT LENGHT OF ROAD AND THEN (SE ROAD
51600 CX  CONSTRUCTION EQUATION IN TVA TECH NOTE B27
51700 CXK  APPCYL=APPROXIMATE NMMEER OF CUBIC YARDS

51800 CX  APPACL=APPROXIMATED MMEER OF ACRES IF CONVERTED

51900 CK FROM LANDING ACRES TO ROAD LENGTH ACRES
52000 CX  HRTEL=HDIRS TO BUILD LANDING

62100 CX

52200 CX

52300 HRTAL=(APPLL/3000,0) % 0.524*SQRT(APPCYL/DZRHP( ILDZR ) )+
52400 - 1(12.668*SORT (APPACL /CZRHP(ILOZR ) )} ) / (DZREF ( ILDZR)*EFFL)
52500 FHRLA=SMRLAHRTEL

52600 CBL=RTELYOZRHC( ILIZR)

52700 SMCRL=SMCRL+H(BL

526800 ML=SYSMR*SYSMC

52900 SMOMLSMM_+OL

53000 SMSYMH=SMEYMH+SMOML

53100 WRITE(KW,2100) 10.08, 1009, D5F TB( 10008, 10.09) ,ACRESL ,QUTL,
53200 1DZRHP(ILOZR) , IZRHC( ILOZR ) EFFL  HRTBL ,CBL , SYSMR, M.
53300 2100 FORMAT(4X,14,5X,14,1X,F9.0,4X,F6.1,3X,F6.1,2X,F6.0,
53400 11X,F7.2,2X,F6.2,1,F9.2,1X,F9.2,2X,F7.1,1X,F8.2)

53500 2150 CONTIME

W.BH1=07RHC( ILOZR )+SYSMAC

53700 W BHRS=(SMOBL+SMOML) /W BHL

53800 CX

563900 CX

8

WLBHRS=WE IGHTED HOLRS FOR BUILDING LANDING AND
MNING BETWEEN LANDINGS ** THIS VALLE IS USED
IN THE LP HOLRS COLLMNS BY METHID

S8EE
CEEE

54400 CX

54500 SOLMM=SMCBL+SMOML

WRITE (KW, 2175)10L.08, W.BHRS, SMO.M4

54700 2175 FORMAT(4X,14,103X,F8.2,2X,F9.2)

54800 LOGVET(3,10L08)=W.BRS

54900 2200 CONTINE

55000 WRITE(KM,2250)

55100 2250 FORMAT(/,2X, 127('*') //)

55200 WRITE (KW, 2300,

§5300 2300 F(R'AT(Z(/) 1X 127¢'*),/,98X, 'MINIMM® ,4X, "MRXIMM' ,6X,
55400 1'FIXED',

55500 MX,'S(IWIIG'JX,'TRAIL',3X,'SL(PE',9X,'PREA',2X,'FIXEJ'./.
55600 X, 'METHOD* ,2X, ‘LANDING' ,4X, 'AREA' ,7X, ' AREA' ,SX, 'AREA' ,
55700 43X, 'SKIDING', 3X, 'SKIODING* , 3X, *SKIDDING' ,2X, "CORRECTION'
55800 53X, 'TRAVEL LOADED',3X, 'DIFFICULTY' 2X,'TIME",/,

55900 62X, '"NMEER' , 3X, "NUMEER " ,2X, 'NUMEER" ,5X, ' VOLUME ' , 48X,
56000 7' ACRES' ,3X, 'DISTANCE ", 3X, 'DISTANCE ', 3X, ‘DISTANCE * ,6X,
56100 8'FACTR' ,3X, 'DIRECTION (%)',7X, 'FACTRR',2X, 'CYQLE',/)
56200 2350 CONTINE

56300 CXK

66400 CX

8

59




56500 (K #riokiokiorononaCARD TYPE 13

IMN-METHOD MUMEER,  IUN=LANDING NUMEER, IAN=AREA NIMEER,
AV=AREA VOLLME, MA=/REA ACRES, AN=MINIMM SKIDDING
DISTANCE, AX=MAXIMUM SKIDDING DISTANCE, AF=FIXED SKIDDING
TO AREA WHERE AN AND AX WOULD APPLY; AC=CORRECTION FACT(R
CONVERTING STRAIGHT LINE SKICDING DISTANCE TO ACTUAL
DISTANCE TRAVELED BY SKIDDER; ASSSLOPE OF SKID TRAIL IN
PERCENT IN DIRECTION OF TRAVEL LOADED; AD=AREA DIFF ICULTY
OOk AFFECTING SKIDDING TIME SIMILAR TO SKIODER EFF ICIENCY
(IE 0.80)

57900 2375 CONTINE

58000

READ(KR ,2400) IMN, ILN, TAN, AV, AA AN, AX, AF ,AC, AS ,AD,AT

58100 2400 FORMAT(I1,12,12,F9.0,F6.0,F8.0,

58200 1F8.0,F8.0,1X,F5.2,F5.0,1%,F4.2,1X,F4.1)

58300 IF (IMN.EQ.0)ED 10 2500

58400 AREAV(IMN, ILN, IAN)=AV-

58500 AREAA(IMN, ILN, TAN)=RA

58600 AREAMNCIMN, TUN, TAN)=AN

58700 AREAMX(IMN, ILN, IAN)=AX

58800 AREAFD(IMN, ILN, TAN)=AF

58900 AREACF (IMN, ILN, IAN)=AC

59000 AREATS(IMN, ILN, IAN)=AS

59100 AREAD] (IMN, ILN, IAN)=AD

59200 AREAFT (IMN, ILN, TAN)=AT

59300 WRITE (KW, 2450) IMN, ILN, IAN, AV, AR AN, AX , AF ,AC ,AS ,AD, AT
59400 2450 FORMAT(4X,14,5X,14,4X,14,1x,F10.0,2X,F 7.0,2X,F9.0,
59500 12X,F9.0,2X,F9.0,5X,F7.2,10X,F6.0,6X,F7.2,1X,F6.1)
59600 @ 70 2350

59700 2500 CONTIME

59800 WRITE(KW,2250)

59900 WRITE (KW, 2550)

60000 2550 FORMAT(1HL,/,2X,126( " **),/,75,11(" %), 1X, 'ALL !

60100
60200
60300
60400
60500
60600
60700
60800
60900

1,1, 'SCICDERS WORKING TOGETHER' ,1X,11('*'),/, 68K,
2'AREA*,/, 28X, 'MINIMUM' ,3X, *MAXIMUM! 48X, 'CYQLE ', 2X,
3'MUMEER' ,6X, *SKID', 10X, *AREA" ,8X, 'LANDING *,2X,
4'LANDING' ,5X, "METHOD' , 6X, 'METHOD* ,/,2X,
5'METHOD ,2X, 'LAND' ,2X, 'AREA ', 2X, 'SKID", 3X, 'VOLUME !,
64X, 'VOLLME" ,5X, 'TIME' ,6X, 'OF * ,6X, 'TIME' 6X,
7'SKIDDING' ,3X, 'SKICDING' ,2X, *SKIIDING*, 3, 'SKICOING' ,
84X, 'SKIIDING*) :
WRITE(KW,2600)

61000 2600 FORMAT(6X, 'ND* ,4X, 'ND' 4%, "NO" ,4X, 'NO* ,2X,

61100
61200
61300
61400 CX
61500 CX
61600 CX
61700 CX
61800 CX
61900 CX
62000 CX
62100 CX
62200 CX
62300 CX
62400 CX
62500 CX
62600 CX
62700 CX
626800
62900
63000
63100
63200
63300
63400
63500
63600
63700
63800
63900
64000
64100 CX
64200 CX
64300 CX
6400 CX
64500 CX
64600
64700
64800
64900
65000
65100
65200
65300
65400
65500 CX
65600 CX
65700 CX
65800 CX
65900 CX
66000
66100

60

1'SKIDDED", 3X, 'SKITDED' ,2X, 'MINUTES* ,2X, 'CYCLES !,
25X, 'HORS' 9, ‘HORS" , 7X, 'HOLRS ' ,BX, 'COSTS ,6X,
3'HORS', 7X, 'C0STS* /)

START OF DO LOOP F(R METHODS+++KIIDING TIMES

XIDDING AVERAGE VALLES FROM TVA TEGHNICAL NOTE B18, 1976
BY JRRY KOGER 'FACTORS AFFECTING THE PRODUCTION OF
RUBBER TIRED SKICDERS" TVA, NORRIS, TN 37828

RADCIR = RADIUS (F CLRVATLRE AVERAGE VALLE OF 483,99 FT
RUTD=RUTD DEPTH ON SKID TRAIL; VALLE CF 2 ASSUMED
CONEP= SOIL STRENGTH BY CONE PENETROMETER, ASSUMED 200
ARQLG= ARC LENGTH OF SKID TRAIL, USED AVERAGE OF 12,

SEE TVA TECHNOTE B18 PAGE 23 FOR THESE VALLES

RADCLR=483.99

RUTD=6.3

CONEP=192.2

AR(LG=131.6

ELEV=1547.1 .

D0 3100 I10L10=1,NETH
.0

10LB04=ILAND(T0L.10)
START OF D0 LOOP FOR LANDINGS++++ SKITDING TIMES

D0 3000 InL11=1, 10LB04
SHLA=0.0

MA=0.0
MAV=0.0
ASKDPL=0,0
FSKDPL=0.0
WSKDPL=0.0

AIN0,0
10LB05=0NREA(I0L10,100L11)

START (F DO LOOP FOR AREAH-+HXIMDING TIMES

DO 2900 IDL12=1,I0LBOS
IF (AREAV(IDL10, 1011, 10L12) .EQ.0.0)60 TO 2900

66200 0.0
66300 AMKNSAMAXNGL.O
66400 SHV=SMAVHREAV(IOLI0, I0L11, 10, 12)
66500 HAA=SMARHREM(IDL10, 1011, I0L 12)
66600 ASKIPL=ASKIPL+0, 5*( AREAMN(T0L10, 10011, I0L12)+
66700 LAREAMK(IOLIO, IDL11,10012))
66800  FSKOPL=FSKIPU+REAFD(IDLIO, I0L11,I0L12)
66900 WSKDPL =WSKPL+{ ( (0. 5*(AREAMN(TTL1D, I0L 11, 101 12)+
67000 LREAMK(IDLIO, I0.11,10012)) )4REA (10L10,10 11, 10 12))+
E7100  REAFD(IOLIO, I0LLL, I0L12)) 4REAVCIOLIO, I0L1L, 1 12)
200 v
6730 CX
67400 CX  START OF 00 LOOP F(R SKIDDERS+++I0DING TIMES
67500 CX
67600 CX
67700 00 2800 IL13=1,NSKD
67800 CX
67900 CX
6000 (K tokkinnneiok (ARD TYPE 15
68100 CX
68200 CX
68300 CX  KHVEHTOD NMEER; KL=LANDING NUMEER ;KA<AREA NMEER;
68400 CK  KS=SKIDDER MMEER; SKWMN-MINIMM VOLUME SKIOOED PER CYOLE ;
63500 CX  KWS=MXIMM WLIME SKIDDED PER CYQLE;
68500 CK  IF SKVMN=SKVMX THEN INTEGRATION
68700 CX  EQUATION FCR SKIDDING TIME IS NOT USED
68800 CX
68900 CX
69000 CX
69100 READIKR, 2700)KM KL KA, KS., SKYMN, SKVMY
69200 2700 F(R‘AT(Il,lX,IZ,lX,IZ,lX,IZ,Fl .1,F10.1)
69300 N=AREAN(KMKL KA
69400 XXEREAMX (KM, KL KA)
69500 FXMEAFD(KM, KL KA )
69600 FC=REACF (KM.KL KA)
69700 CX
69800 CX
69900 CX  (DEE_SYBOLS USED FAC=FACTIR; A...=SWEBL IN APPENDIX
70000 K OF THIS REPORT FR SKICDING EQUATION; E-SWMEDL FOR
70100 CK  TRMVEL EMPTY ....... .. THIS APPLIES TO FACAE,FACEE
70200 CX  TYPE COEING LSED BELOW
70300 CX
70800 CX
70500 TF (XN.EQ. XX)FACAE=(FXH(XNFC )) #+1, 022849
- 70600 CK
70700 CX
70800 CK  IF XN.NE.XX THEN INTEGRATION EQUATION IS (SED TO COMPUTE
70000 CX  VALLE (F FACAE ++TRAVEL EMPTY
72000 CX
71100 CX
71200 IF (XN.NE. XOFACAE=(F X1 022448) +( 1.0/ (XYAC-NWEC)) >
IO 1((O0MFC)#2,022049/2,022049) ~{ (XWFC)#+2, 002449/2. 022M)) )
71400 FACE=RADCLR™*3,549048
71500 FACCES(SKOHP(IDLI3))*1. 317563
71600 FACCE=120.0%1,317563
TI700  FACDE=(L.OWRUID)*0, 22969
71800 CX  FACEE=(AREAE (KM, KL ,KA)) 0, 180727
7190 FACEE-ELEV*D, 180727
72000 TSSATAN(AREATS(KM,KL ,KA)/100.0)*CTDEG
7210 FACFE=(1.0+SIN(TSYCTRAD))#%2. 156775
72200 FACHE=CONEP*0,183381
7230 FACIE=/ROLG*5.943695
72400 TF(ILNIT.EQ, 1 )VSN-SKWWOONP TR
72500 IF (ILNIT. EQ. 1 )VSX=SKWMX*CONPTR
72600 FF (IINIT. EQ. 2)VSN-SKVMCONBTE
72700 IF(IINIT.EQ. 2)VSK=SKWMKX*CONGTB
72800 FF(IUNIT. EQ. 3)VSN-SKVMN-OONCTR
72900 FF(IUNITEQ. 3)VSX-SKWMX*CONCTE
7300 IF (INIT.EQ. A)VSN=SKVMN*CONJTE
73100 IF (IUNET. EQ. 4)VSX=SKYMXADNUTE
73200 IF (SKYMN.EQ. SKWIK)FACL =VSN**0, 110305
7330 CX
73400 CX
73500 CK  IF SKMN.NE.SKWK THEN INTEGRATION EQUATION IS USED
73600 CK  TO COMPUTE VALLE OF FACL **+ VOLLME FACTOR FR
3700 CX TRAVEL LOADED
73800 CX
73900 CX
74000 IF (SKWMN.E. SKMOFACL=( ( 1.0/ (VSX-VSN) ) *
7100 1((vSxm1.110306)/1. 1030S)*
78200 2((Vswe1,110306)/1, 110005))
74300 TF (XN.EQ. XX)FACAL=(FX+{XNHFC))**1. 109803
74800 CX
74500 CX
78600 CK  IF XN.NE.XX THEN INTEGRATION EQUATION IS USED TO COMPUTE
74700 CX  VALIE OF FACAL++ DISTAGE FACTIR—-TRAVEL LOAZED
74800 CX
74900 CX
75000 IF (XN.NE. XXOFACAL=(F X1, 1098034)+( (1. Y (OC¥ C-XWEC))
B0 L(O0C) 2, /2. 1008034) -{ (XNHFC 2. 103603
75200 2/2,1089038))) o
75300 FACBL-RADCIR*3, 47223
75400 FACDL=(1.0MUTD)*0, 116935
75500 C FACEL=(AREAE(KM,KL ,KA)) *%0. 098604
7600 FACEL=ELEVD, 00860
5700 FACFL=(1.0+SINTS*CTRAD))+0,681150
7580 FACRL=(SKWT(IOL13)) %3, 234567

[




FACHL=CONEP**0, 067063

FACCL=(SKDHP(I0L13))**3. 157504

FACIL=AROLG**7, 456998

TIMEE =0, 3395469*( (FACAE*FACEE *F ACCE*FACDE*FACEE*FACFE)/
HFACHE*FACIE))

TIMEL=0, 00006 166%( (FAC JL*F ACAL*FACBL*FACOL*F ACEL*
IFACFLAFACEL) / (FACHL*FACCLAFACIL))

T=SKIDDING CYOLE TIME IN MINUTES AS COMPUTED BY EQUATION

2 PAGE 31 OF TVA TECGHNICAL NOTE B18, 1976 BY JERRY KOGER
FACTORS AFFECTING THE PRODUCTION (F RUBBER TIRED SKIDDERS®
TVA, NORRIS, TN, 37828

TIMEE=TRAVEL TIME EMPTY; TIMEL=TRAVEL TIME LOACED;
AREAFT()=F IXED CYQLE TIME; SKEF=SKI[DER EFFICIENCY;
BREADI(,) =AREA DIFF [CLLTY FACTOR F(R SKIDDING

T=( (TIMEE+ TIMEL+AREAF T(KM,KL KA )) /SKDEF (KS )) /AREADT (KM, KL ,KA)
SKSFE=(FACBEMFACCE*FACTE *F ACEE ) /(FACHEXFACIE)
SKSFL=(FACBLAFACDL*FACEL )/ (FACH *FACIL)

CYCLEN=(AREAV(KM,KL ,KA)) /{{SKWMN+ KWX) /2.0)
ATH=(T*CYOLEN)/60.0

WRITE (KW, 2750)KM, KL KA, KS, SKVWN, SKWX, T, CYCLEN, AT

78400 2750 FORMAT(4X,14,2X,14, ZX I4 2X 14, F9 1 1X F9 11X,

1F821XF70F10 2)
S?H\‘-‘SMW(I.O/AW)

78700 2800 CONTINE

78800 CX
78900 CXK
79000 CX
79100 CX
79200 CX
79300 CX
79400
79500
79600

A= THE TIME IT WOWLD TAKE ALL SKIDDERS IF THEY
WORKED TOGETHER ON THIS' AREA

MHAA=1.0/IHA
FHASH A+
IF (NSKD.GT . 1)WRITE (KW, 2850)KM,KL ,KA, SMHAR

79700 2850 FORMAT(4X,14,2X,14,2X,14,57X,F10.2)
79800 2900 CONTINE

79900
0000
0100

VOLML(IDL10, JDL11)=0MAV
VOLMACIOL10, IDL11 )=SMAA
ASKDRL (1DL10, 1011 )=ASKDPL /AMAXN
FSKDBL (10L10, 10U L1 )=FSKOPL /AMAXN

SWSKD=SWSKDHEKDPL

WSKDBL (1010, 10U 11 )=WSKDPL/V
SASKD=SASKDHASKDBL. (10010, 10L11)
S SKD=5F SKIHFSKDBL (10110, I0L11)
A= IHLA
SKOLL=SMHLA*MSKHC
SVOLMESMVOLMEMAY
SMACLM=SMAQLME SRR

WRITE (KW, 2950)KM,K. ,

SHLA, SKOLC
81200 2950 FORMAT(4X,14,2X,14, 73)( F10. 2,F10.2)
81300 3000 CONTIME

VOLEM(I0L10)=SMVOLM
ARBM(I0L10)=SMACLM
SKOMC=SMAFMSKHC
LOGMET(4,10L10)=SM1A
ADL11=100B04
ASKDBM(IDL10)=SASKD/ADL 11
FSKDBM(IDL10)=5F SKD/ADL1L
WEKDEM(1DL10) =SWSKD/ SMOLM
WRITE (KW, 3050)KM, SHMA,

SHA, SOMC
82300 3060 FORMAT(4X,14,99X,F11. 2 1X,F11.2,//)
82400 3100 CONTINE

WRITE(KW,3125)

82600 3125 FORMAT(/,2X,126('*'))

WRITE(KW, 13150)

82800 3150 FGM\T(M 2/),125('*'),/,@X,8**"),' PER LANDING',1X,
PER METHOO"

85000

1%.*.) sx *I*') 4 lx ql'l)/

204X, “WEIGHTED' 27X, '\'ElGiTED ,/ 74X,‘A\BWE S0, RERAGE ",
317X, 'AVERAGE *,3X, * AVERAGE! o/ 163X, ' AVERAGE ! 6)( 'FIXED' 5X,
4" TRAEL" 46X, * AVERAGE " ,6X, ‘FIXED' SX,'TRA\EL /2X
5'METHOD' 2X HLANDING' ,3X, ' LANDING , 3X, 'LAM')IK;' 5X,
6'METHOD' SX 'METHO', 3X 'SKI[DIPG' 3, 'SKI(DIN’B' 3X
7SKIIDI?G' 5%, 'S(IIDI?G' 3, 'S(I[DIPG’ 3X, "SKIODING: W/
82X, ‘NUMEER' 3X ‘NUMEER! 4)( 'V&U‘E' 5X, *ACRES 5%, 'V(LlMi'
96X, ' ACRES' 3X "DISTANGE* 3X "DISTANCE 3X,‘DISTN€E'

15X 'DISTN(I' 3, ‘DISUNI 43X, 'DISTANCE" ,/)

00 250 [&14=1 RETH

IllBSA=11}N)(lu.l4)

00 3230 IDL14A=1,I0LBSA

OUTPUT LANDING AND METHOD VOLLMES AND SKIIDING INO
BY LANDING ONLY

WRITE (KW, 3220)10L14, I0L14A, VOLML(10. 14, 10U 14R),
IVOLMACIOLI4, TOL14A) ASIGB.(I[].M 10L144),
FKOBL(I0L14, 1[1.144\) WSKDBL (1014, I0L14A)

85100 3220 FORMAT(4X,14,5X,14, lx 9.0,2X,F8.0,25X,F8.0,3X,F8.0,3X,F8.0)
85200 330 CONTINE

85300 CX
85400 CX
8500 CX

OUTPUT LANDING AND METHOD VOLLME, ACRES AND SKITDING

85600 CX  DISTANCES 8Y METHOD ONLY
85700 CX
85800 CX

85900
86000
86100
. 86200
86300
86400
86500
86600
86700
86800
86900
87000
87100

WITE(KW,3240) 10014, VOLBM(IDL18) ,ACRBM(IDL14)
LASKDBM(I0L14) ,F SKDBM(1DL14) ,WSKDBM(1DL14)
3240 FORMAT(4X,14,30X,F10.0,1X,F10.0,37X,F9.0,2X,F9.0,2X,F9.0)
3250 CONTINE
WRITE(KW,3300)
3300 FORMAT(/,2X,125("*'))
WRITE(KW,3350)
3350 FORMAT(2(/),2X,27(**'),/, 28X, " TRUCK ",/ ,
123X, 'TRAVEL ' ,/,2X, "METHOD' ,2X, ' LANDING ', 2X,
2'CORRECTION',/,2X, 'NUMBER" ,3X, 'NJMEER ', 6X, 'FACTIR',/)
00 3500 I0L15=1,NMETH
10.B06=1LAND(1DL15)
DO 3400 I0L16=1,10LB06

87200 CX

87400 CX

87500 CX

87600 CX  I™MN=METHOD NUMEER; JTLN=LANDING NUMEER F(R THIS METHOD
87700 CXKX  TKTVCF=TRUCK SPEED CORRECTION FACTCR THAT RECOGNIZES
87800 CXX  THAT TRAVEL SPEED MAY CECREASE AS THE ROAD STANDARD
87900 CX  DECREASES AS A FUNCTION OF ROAD LENGTH

88000 CX  (IE 0.80 WOULD MEAN THAT TRAVEL SPEED AT THE END

88100 CX  WAS 80 X (F BEGINNIG TRAVEL SPEED)

88200 CX
88300 CX
88400 READ(KR,, 3360) I TMN, TTLN, TKTWCF
88500 3360 FORMAT(11,1X,12,1X,F4.2)
88600 TKTGF (1015, 10016)=TKTVCF
88700 WRITE (KW, 3370)1 TN, I TLN, TKTVCF
88300 3370 FORMAT(4X,14,5X,14,6X,F6.2)
88900 3400 QONTINE
89000 3500 CONTINE
89100 WRITE(KW, 3550)
89200 3550 FORMAT(/,2X,27('*"),//)
89300 WRITE (KW, 36(1))
89400 3600 FOW\T(M,/,ZX,QQ('*'),/,57X,5('*'),1X,'ALL TRUKS*,1X,
89500 1'WRKING TOGETHER' ,1X,5('*'),/,
89600 228X, 'CYCLE ' ,4X, "NUMBER' ,5X, 'TRUCK ', 5X, ' LANDING' ,
89700 33K, LANDING' SX ‘METHOD! 5X “YETHOD" /s
89800 42X, 'METHOD' 2X 'LANDING' 3X TRUCK',4X, 'TIME ", 8X,
8990 5igf 46X, 'TI?E' ax, 'TRLD(IMB‘ 2X, “TRUCKING! »3X,
90000 6'TRUXING' WX, TRUKING! Js
90100 72X, ‘NUMBER ', 3X, ‘NUMEER' ,2X, ‘NUMEER , 3X, "HOLRS ', 5X,
90200 8'10005" 5%, 'I'DtRS‘ 7, KXRS' '(I)ST'
90300 96X, HlRS' X, ‘CosT* /)
90400 CX
90500 CX
90600 CX  START OF [0 LOOP FOR METHODS++++TRUCKING TIMES
90700 CX
90800 CX
90900 DO 3950 IML16=1,NETH
91000 MTKM=0.0
91100 ILB07=ILAND(IDL16)
91200 CX ’
91300 CX
91400 CX  START CF 00 LOOP F(R LANDINGS+++TRICKING TIMES
91500 CX
91600 CX
91700 00 3850 I0.17=1, 100807
91800 MIKLH=0.0
91900 MIKH=0.0
92000 DO 3750 IM18=1,NTRK
92100 CX
92200 CX
92300 CX  START OF 0O LOOP FOR TRUCKS+++TRUKING TIMES
92400 CX
92500 CX
92600 TKTEWM=0F TBTM/ KTENW(I0L18)
2700 TKTLWM=DFTBTM/ TKTLNW(10L18)
92800 TKTEBR=(DSFTB(I0L16,10L17)/5280.0)/ .
92900 L((TKTEWD(I0L18)%( 1. O+KTCF (10016, 100.17)))/2.0)
93000 TKTLBR=(DSF TB( 10L16,10117) /5280.0)/
93100 L((TKTLWD(I0L 18) % 1. O+IKTCF (10L16,10.17)) ) /2.0)
93200 CX
93300 CX
93400 CX TKCT=TRUX CYQLE TIME; TKTEWM=TRAEMPTY TIME
93500 CK OVER NON-WDOOS ROAD;  TKTLWM=TRAVEL LOAZED TIME
93600 CX OVER ADN-WOOCS ROAD;  TKTEBR=TRAVEL TIME EMPTY
93700 CX OVER WOODS (R BUILT ROAD; TKTLER=TRAVEL TIME
93800 CX LOAZED OVER BUILT OR WOODS ROAD
93900 CX
94000 CX
94100 TKCT=( TKTEWMH TK TLWM# TKTEBR+ TKTL EBR+( TKF TPC( 101.18) /60.0
94200 1/ TKEF(I0L18) 4
94300 TKCYC*VO.M.(HLIG I0L17)/5KVOL(I0L18)
94400 TKH=TKCT*TK
94500 WKH*(I.O/TKH)
94600 WRITE(KW,3700)10L16, 1017, 10018, TKCT, TKCYC, TKH
94700 3700 F(RW\TMX 14,5%,14, 4X 14, IX F7. 2 1x, £9.1 FlO 2)
94800 3750 CONTIME
94900 CX
95000 CX
95100 CX

SHIKH.=THE TIME IT WOULD TAKE IF ALL TRUCKS WORKED
TOGETHER
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95500 4IKHL =1, 0/ MTKH

TKMH=SMTKMH MTKLH
95900 IF(N'TN(.GT.I)&RITE(K\rJ,ZiKXJ)IU.lG,Iﬂ.l?,W(LH,mC
96000 3500 FORMAT(4X, 14,5X,14,38X,F10.2,F9.2)
96100 3850 CONTINE

YTV
96300 LOGET(5, [0L16)=MTKCH
96400 WRITE (KW, 2900)  L16, STKMH, SMTKMC
96500 900 FORMAT(AX, 14,67X,F11.2,F11.2,/)
96600 3950 (ONTIME
96700 WRITE (KW, 4000)
96800 4000 FORWAT(/,2X,94('**))
96000 FUCTRAT.EQ.0)60 TO 4500
97000 WRITE (KW, 4250)
97100 4250 FORMRT(2(/) ,2X,21('**),/, '
IO 124, CONSTRAINT' ,/ 8K, 'COIE *,/,2X, 1= ROAD KR!/, '
o0 22X2= LD HR' 6%, 'PPER’ ,2X, ‘3= SKID HR" 6, 'BOND",/,
9740 X, 'd= TRIK HR',6X, VALLE',/)
97500 D0 4400 10L23<1, ICTRAT
97600 K=I0L23+7
97700 JONSC-NMETHH ICTRAT+12

sewiexioikix OARD TYPE 17

98000
98100
98200
98300 ICSTFO=CONSTRAINT (ODE; CSTVAL=VALLE OF THIS
98400 CONSTRAINT

98500 CK

98600

CX
98700 READ(KR,4300)1CSTFO, CSTVAL
98800 4300 FORMAT(11,1X,F9.1)
98900 MOONSC=JIONSC-(4-ICSTFO)
93000 CXK
99100 CXK UPPER BOUND ROAD CONSTRUCTION HOLRS

99200 CK

99300 F (ICSTFO.EQ.1)P(K)=CSTVAL
99400 ¥ (ICSTFO.EQ. 1 JAK ,MIONSC)=1.0
99500 FF (ICSTFO.EQ. 1) VAR(K)=1
99600

CX
99700 CJK LPPER BOUND FOR WEIGHTED LANDING CONST. & MNVING

99800 CX

99900 IF {ICSTFO.EQ. 2)P(K )=CSTVAL

100000 IF (ICSTFO.EQ. 2)A(K ,MONSC)=1.0

100100 TF(ICSTFO.EQ. 2) WR(K)=2

100200 CXK

100300 CX WPPER BOWND FOR SKIDDING HOWRS

100400 CX

100500 I (ICSTFO.EQ.3)P(K )=CSTVAL

100600 IF (ICSTFO.EQ. 3)A(K,MOONSC)=1.0

100700 TF(ICSTFO.EQ. 3) MR(K)=3

100800 CX

100900 CX UPPER BOUND FOR TRUCKING HOLRS

101000 CX

101100 TF (ICSTFO.EQ.4)P(K )=CSTVAL

101200 F(ICSTFO.EQ. 4)AK ,MOONSC)=1.0

101300 IF (ICSTFO.EQ.4) MR (K)=4

101400 WRITE(KW,4350) ICSTFO, CSTVAL

101500 4350 FORMAT(6X,12,7X,F8.0)

101600 4400 CONTINE

101700 WRITE(KW,4450)

101800 4450 FORMAT(/,2X,21('*'),/)

101900 4500 CONTINE

102000 [F(IUNIT.EQ. 1) TOTLL=HRVOL/2000.0

102100 F (IWNIT.EQ. 2) TOTLML=HARVOL/1000.0

102200 TF(IUNIT.EQ. 3) TOTLM.=HRWOL/100.0

102300 F(IWNIT.EQ.8) TORML=HRWL/1.0

102400 WRITE (KW, 4700)

100500 4700 FORMAT(IHL,/,68X, 'METHOD SUMMRY',/,1X,127( *),/,31%,

102600 1'LANDING CONSTRUCTION' 58X, 'TOTAL' ,6X,

102700 2'METHOD' ,/, 9%, "ROAD CONSTRUCTION® ,5X, 'AND* ,2X, 'SYSTEM',

102800 33X, 'MVING' , 10X, *SKIDDING' 15X, ' TRUCKING® L16X, 'METHOD'

102900 42X, "WRVESTING' /,1X, "METH' ,2X,21( " ! 3,3%,20(°~"), 3%,

103000 521(*="),3%,21("~" ), 4X, "HARVESTING ' , 8, 'WNIT" ./,

103100 63X, 'NO',2X, 'HOLRS ' 6K, $88°,2X, "$/ WL, 3X, 'HORS ', 6%,

103200 714881 2K, ' S/WL" ,3X, "HOWRS* ,6X, ' $88,2X, ' $/W0L *,3X,

103300 S'HOLRS 6%, '$88",2X, '$/VOL " , 9K, 'COSTS" . 7%, 'C0sTS' /)

103400 00 4900 IDL30=1,NETH

103500 SOUTOL=LOGMET(2, 10L30) *MOZHC -

103600 SOUTO2=S0UT0L/ TOTL M.

103700 SOUTO3=LOGHET( 3, 10L.30) X DZRHC(ILOZR+SYSMEC)
SOUTO4=50UT03/TOTLM.

103900 SOUTOB=LOGMET(4, I0L.30) *MSKHC

104300 SOUTO9=SOUTOL+SOUTU3+SOUTOE+S0UTO7

104400 SOUT10=50UT09/TOTL M

104500 WRITE (KW, 4800) 10L.30,LOGMET(2, 10L30) ,SOUTOL, SOUTG2,
104600 1L0GMET(3, 1030}, SOUTO3, SOUTO4 LOGHET (4, 10L30)
104700 2SUTOS, SOUTO,LOGMET(5,10L.30) ,SOUTO7, SOUTO8,

350UT09,S0UT10
104900 4800 R'R‘ﬂT(ZX,X3,1X,F6.0,1X,F8.0,1X,F6.0,2X,F6.0,1)(,
105000 lFB.O,F?.O,ZX,FG.O,IX,FB.O,1X,F6.0,2X,F6.0,1X,

105100 278.0,1X,F6.0,2X,F12.2,2X,F10.2)

105200 4900 CONTINUE

105300 WRITE (KW, 5000)

105400 5000 FORMAT(/,127('*"))

105500 CK

105600 CX

105700 CK FAEHHHERIRE SECTION 2 B
105800 CK

105900 CX

106000 OAC

106100 (WC FORMAT STATEMENTS USED IN RAVINIRIN'S PROGRAM

106200 O&C

106300 1 FORMAT(1HL,/,3X, * ITERATION NO=',15)

106400 C 112 FORMAT(1X, 12X,4112/(13X,4112)/ (13X,4112)/(13X,2112))
106500 C 121 FORMAT(1X,12,F8.2,3X,&12.2/(14X,4712.2)/ (14X, 412.2)/
106600 ¢ 2(14X,2F12.2))

106700 C 122 FORMAT(5X,4F13.1/(5%,313.1))

106800 C 123 FORMAT(IX,F12.1,1%,4F12.1/ (4X,412.1)/(4X,&#12.1)/(
106000 ¢ 34X, F12.1)

107000 C 325 FORMAT( 1x/ 7X,8HSOLUTION, 10X, 7HTARLEAU)

107100 C 326 FORMAT( 1X,1HVARIABLE CDSTS,2X,3F15.4/(2X,4F15.4)/(X
107200 C 4,4F15.4)/(2X,¥15.4))

107300 102 FORMAT(1X,5X,37HTHE OBJECTIVE FUNCTION IS NOT BOUNCED)
107400 335 FORMAT(1HR)

107500 Pl=1
107600 P2=1
107700 OiC

107800 GWC M = NUMEER OF COLLIMNS IN BASIS
107900 OAC N = NUMEER (F COLLMS IN "A" MATRIX
108000 GIC

108100 M= ICTRAT+7

108200 M = NETHHO

108300 N = NETHS#

108400 N = NETHS

108500 M3 = Ml

108600 NG = NMETHHM

108800 GWC IREP = O IF ONLY FIRST TABLEAU IS TO & PRINTED
108900 OWC =1 IF AL TABEAS SHULD EE PRINTED

109100 IREP = 1
109200 1T=0

109300 WRITE(KW,335)
109400 EP=5E-6

109600 OIC  "JMRY ARRAY CONTAINS A NUMEER CORRESPONDING TO EACH COLUMN
109700 GiC IN THE A" MVTRIX. DLE TO THE METHOD OF INPUT INTO THE
109800 0N MATRIX, THE FIRST M COLUMNS (BASIS) UF THE MATRIX MUST
109900 GIC B NUMERED T0 REFLECT THE FACT THAT IT SHOULD APPEAR
110000 O/ AT THE END OF THE MATRIX.

110100 G

110200 00 3 I=L,M

110300 MR(I) = N2+1

110400 3 CONTINE

110600 O4C

110600 (WC MMER OTHER COLLMIS AS THOUGH THEY WERE AT FRONT OF MATRIX
110700 OHC .

110800 00 4 I=2MB,N

110900 NAR(I)=1-M

111000 4 CONTINE

111100 K=

111200 GKC

111300 G/ SET PRODUCT PRICE IN OBJECTIVE FUNCTION

111400 ONC

111500 C(K) = PROCPC

111600 K = NETHHGH

111700 OKC

111800 G SET ROAD EQUIPVENT HOLRLY COST IN OBJECTIVE FUNCTION
111900 OKC

112000 CK) = -0

112100 K =K

112200 O4C

112700 GWC SET LANDING.CONSTRUCTION HOURLY COST IN OBJECTIVE FUNCTION
112200 GHC LANDING CONSTRUCTION HOLRLY COST = ROAD EQUIPMENT HOLRLY
112500 WG 0DST + SYSTEM MOVE HOWRLY (OST

112600 ONC

112700 CK) = DZRHC(ILDZR)-SYSMHC
112800 K = K+

112900 CXK

113000 CK

113100 CK  SMSKHC= SUM OF HIURLY SKIDDER QOSTS
113200 CXK  SMTKHC= SWM OF HOLRLY TRUCKING COSTS
113300 CX

113400 CX

113500 CK) = -

113600 K =K+l

113700 C(K) = ~MIKHC

113800 K =K+l

113900 OwC

114000 GWC  SET RIGHT HANOD CONSTANTS OF FIRST FIVE EQUATIONS -
114100 GIC  EQUAL TO 0.0

114200 OiC

114300 00 778 1=1,5

114400 1) = 0.0

114500 8(1) = 0.0

114600 778 (ONTINE

114700 A(L,M3)=1.0

114800 K9-MHNETHL




114900 K8=ptt2

115000 QiC

115100 OWC STORE DATA IN “LOGVET" MATRIX IN “A" MATRIX T0 £ USED
115200 OIC INLP

115300 GWC

115400 00 317 18,K9
115500 D0 242 J=1,M

115600 K=l-M-1

115700 A(J,1) = LOGET(J,K)
115800 242 CONTINLE

115900 317 CONTINUE

116000 OWC

116100 OC STORE Z VALLES INTO “A" MATRIX
116200 OWC

116300 K9 = K9+l

116400 K8 = K9+3

116500 X1
116600 00 467 1=K9,K8
116700 o

116800 A(J,1)=-1.0

116900 467 CONTINLE

117000 QiC

117100 QIC  STORE CONSTRAINT RELATING TO TRACK VOLUME INTO “A" MATRIX
117200 OIC

117300 A(6,M3)=1.0

117400 OWC

117500 QIC  STORE TRACK VOLLME INTO “8" MATRIX
117600 GiC

117700 P(6)=TOTLW.

117800 B(6)=T0TLWL

117900 M = M3+l

118000 QWC

118100 QWG STORE CONSTRAINT RESTRICTING SUM OF METHOOS TO EQUAL ORE
118200 QWC

118300 DO 992 K=1,NETH

118400 A7,M) = 1.0

118500 M = M+l

118600 992 QONTIME

118700 QiC

118800 (WC  STORE 1.0 INTO “B" MATRIX
118900 QiC

119000 A7) = 1.0

119100 B(7) = 1.0

119200 D0 S FIN

119300 JEMR(J)

119400 5 OC(3J)y=C(D)

119500 L=Mt]

119600 D0 301 I=1,N

119700 CI(1)=C(1)

119800 TVAR(1 )=MR(1)

119900 301 QONTIME

120000 QWC

120100 (WC STORE BASIS INTO MATRIX
120200 OKC

120300 D0 444 [=1M

120400 A1L1=1.0

0
120800 OWC CALOWATE C-BAR ROW
120000 G OUTER 0D LODP CONTROLS COLLMAS IN “A" MATRIX
121000 WG INNER DO LOOP CONTROLS SUMMING OF EACH ELEMENT OF COLUMN

121100 GiC

20.0
g}ig)) G "Z* IS PRODUCT OF “A" ARRAY COLLMN TIMES CB ELEMENTS (F MATRIX
121500 QIC
121600 D0 75 I=1,M
121200 75 Z=2+A(1, 00D
121800 GIC
121900 G/ ENT IS C-8AR ELEMENT FOR THAT OOLUMN
122000 OWC OMZ IS ARRAY THAT HOLDS C-BAR ELEMENTS
122100 O
122200 ENT=C(JVC)-Z
122300 M (VG )=ENT

122400 QIC
122500 G FIND LARGEST WALLE IN C-BAR ROW TO LSE AS PIVOT COLUMN

122600 OWC  STORE VALLE OF LARGEST C-8AR ELEMENT IN OMZM AND STIRE
122700 ONC PIVOT COLUMN NUMEER IN KOUT
122800 OIC
122900 IF (OMIM.GT.ENT)GO TO 74
123000
123100 KOUT=(C
123200 74 (ONTIME
3300 QI
5340) OWC  INCREMENT ITERATION COUNTER AND WRITE ITERATION MESSAGE
123500 OIC
123600 =T+l
123700 WITE(K, DIT
123800 [F(IREP.EQ.0)R0 TO 25
123900 Qi
124000 GIC CALCLATE 7 WALIE AND STIRE IN WARTARLE 'VALLE™
124100 GIC
124200 601 VALLE=0.0
124300 00 110 I=L,M
120400 10 VALLE=VALLE+P(T)CI(T)
124500 OiC

124600 GiC WRITE OUT A MATRIX AS INPUTTED INTO LP PROGRAM

124700 O¥C

124800 CX

124900 CX  [CEBUG FORMAT OPTION:::: THIS FORMAT IS HARD TO

125000 CK  FOLLOW BUT SHOWS THE INPUT MATRIX IN THE FORM

125100 CXK  USED BY RAVANIRINA :: SLACKS AND SURPLIS FIRST

125200 CX  THEN NORMAL LP VALLES

125300 CHK

125400 IF (LPCOE .EQ. 1 JWRITE (KW, 6001 )M,N

125500 6001 FORMAT(25X,'ROWS 1 THRU ',I13," AND COLUMS 1 THRU ',I3,
125600 1' IN RAVINRAN LP MATRIX',/)

125700 DO 2456 K=1,M

125800 TF(LPCDE.EQ. 1)WRITE (KW, 8456) (A(K,HA),HA=1,N)

125900 8456 FORMAT(13710.2)

126000 2456 CONTINLE

126100 2457 CONTINLE

126200 GiC

126300 GNC WRITE OUT TOP THREE (R FOLR LINES OF TABLEAU WHICH DOES
126400 GWC  NOT VARY BY NUMEER F METHOOS

126500 GiC

126600 WRITE(KW,6000)

126700 6000 FORMAT(/,1X,128(**"))

126800 WRITE(KA,6010)

126900 6010 FORMAT(LX,'** 4K, "% *7 7X,'*' 99X, ' ** 11X,"*')

127000 K2=NMETH2

127100 K2-NMETHM3+1

127200 WRITE(KW,6020) C(M3),(C(1),I=2,N)

127300 6020 FORMAT(1X, '** ,4X,'* *' 2X, ‘CJ',2X,'*'1X,FB.2,49X,4(1X,F9.2),
127400 11X, '**,3X, 'RIGHT* ,3X,'**)

127500 WRITE(KW,6030)

127600 6030 FORMAT(1X,'** 4X,'* B *' 5X, *** gOx '*' 11X, '**)
127700 WRITE(xW,6090)

127800 6040 FORMAT(LX, '*' 4K, '* A *' 4X 101('*'),3X, 'HAND' ,4X, ' *')
127900 N3 = NMETH-1

128000 QWC

128100 GWC  BRANCH TO STATEMENT NUMBER AND COMPLETE QUTPUT ACCORDING
128200 G/C TO THE NUMEER OF METHODS

128300 GiC

128400 G0 1o (7000,7010,7020) ,N3

128500 CX

128600 X

128700 CXK CONTROL GOES TO STATEMENT NUMBER- 7000 IF 2 METHOOS
128300 CXK CONTROL GOES TO STATEMENT NOMBER 7010 FF 3 MEHTOOS
128900 CX CONTROL GOES TO STATEMENT NUMBER 7020 IF 4 METHOOS
129000 CX

129100 CX

129200 OWC

129300 OC  WRITE QUT TABLEAU FCR COMPARISON OF TWD METHODS

129400 OWC

129500 7000 WRITE (KW,6060)

129600 6060 FORMAT(LX,'*' 5X,'* S* ' GY ' METHOD * METHOD *'
129700 L' MR * SR * SAR * $AR * LK 'H)
129800 WRITE (KW, 6070)

129900 6070 FORMAT(1X,'**,2X,'CB' ,2X,'** 2X,' T * * (YO) * 4X,'1',4X,
10000 1,40, 120,400 2000 RAST x L ¢ sab
130100 2' TRUK * CONSTANTS *')

130200 WRITE (KW, 6080)

130300 6080 FORMAT(IX,'*,7X,"* S* *' Gx '* (M) * (M2) * 20X,
130400 ' (1) * (72) * (13) * (14) *' 11x,'%)
130500 WRITE (KiW,6050)

130600 6050 FORMAT(1X,128('*'))

130700 WRITE(KW,6115)

130800 6115 FORMAT(LX,'** X, '*' 4X, '+ 99X, '+ 11X, **')

130900 GWC

131000 O4C D0 LOOP CONTROLS PRINTING OF EACH ROW IN MATRIX

131100 G

131200 D0 8000 I=1,M

131300 K=IVAR(I)

131400 OXC

131500 ONC  VARIABLES USED TO CONTROL QUTPUT. YOU HAVE TO THINK
131600 WC YO FIGURE OUT THE VALLES THAT NEED TO EE ASSIGNED TO
131700 GIC  THE VARIABLES

132200 CX

132300 CX  OUTPUT FORMAT FR LP IN CONVEX FORM BY METHOO
132400 CX AND HOLRS AND NEAT HEADINGS

132500 CX

132600 WITE(KW,6090) C(K),IVAR(I),ACL,M3),(A(1,0),0¥8,06), (A(1,D),
132700 1JN6,N),P(1)

132800 6090 FORMAT(1X,'*' IX,F7.2,1X,'*" ,1x, X' I2,'** | ¥10.2,
132900 129X,4F10.2, ' %' |1X,F9.2,1X, **)

133000 8000 (ONTINLE

133100 WRITE(KW,6115)

133200 WRITE(KW,6100)

133300 6100 FORMAT(1X,128('*'))

133400 WRITE(KW,6110)

133500 6110 FORMAT(LX,'*' 14X, '** 90X, '*' [4X,*Z =* 4X,'*')
133600 GIC

133700 QWC  WRITE C-BAR ROW OUT IN TARLEAU

133800 GIC

133900 WITE(KW,6120) (CMZ(J),J=M3,N), VALLE

134000 6120 FCRMAT(1X, '**,2X, 'C-BAR ROW',3X,'*' | 310.2,'*' 28X, 4F10.2,1X,
134100 IF11.0,'*')

134200 G0 T0 7040




134300 7010 WRITE(KW,6130)

134400 QWC

134500 GWC WRITE OUT TABLEAU FOR COMPARISON OF THREE METHOOS

134600 OXC ) , N
134700 6130 FORMAT(LX, '*' 5K, '* S *',3K,** FLLING *,3("* METHD ),'*",
134800 206,30 R )L™ J3X,USARYLIX LI YY)

134900 WRITE (K,6140)

135000 6140 FORMAT(IX, '** ,2X, ‘CB" ,2X, "*" 2%, T * * RICE § *',4%,'1',4%,
135100 1% 4K, 12° 8K, 0%, AX, 130, 4K, 020K, ROAIS *  LAWD *',
135200 2' SKID * TRUCK * CONSTANTS *')

135300 WRITE(KW,6150)

135400 6150 FORMAT(LX, '**,7X,'* S** (Y0) * M) xRy *2
135500 1Ry 20K, L3, * (22 ¢ @) ¢ (28) *',
135600 211X, 4%, /,1X,128(**'))

135700 OAC

135800 OWC DO LOOP CONTROLS PRINTING OF EACH ROM

135900 OWC

136000 o0 8010 I=1,M

136100 K = IWR(I)

136200 GAC

136300 GWC VARIABLES USED TO CONTROL QUTPUT

136500 No=NG+L
136600 No=NG+1

ML

136800 WRITE(GH,6160) C(K), IVAR(L) AL MG, (AT, ) ,0=M0,06), (AL, ),
136000 1346,N),P(1)

137000 6160 FORMATLIX, "' 1X,F7.2, 18, "% 1K, ' X', 12, '+ ,4F10.2,20X,410.2,
B70  F10.2,1%, %)

137200 8010 CONTINEE

137300 WRITE (KW,6115)

137400 WR1TE (KW, 6100)

137500 WRITE(KW,6110)

137600 O4C

137700 G&C PRINTS OUT C-88R ROW

137800 OKC

137900 WRITE(KH,6190) ((MZ(J) ,=4G,N) VALLE

138000 6190 FORWAT(L, '+',2X, 'C-BAR ROW' 3%, '+ ,4F10.2,20¢,410.2,
1B100  FLLG,'*Y)

138200 &0 T 7040

138300 GC

13300 GIC WRITE OUT TABLEAU FCR COMPARISON OF FOLR METHOOS

138500 GHC

138600 7020 WRITE(KM,6200)

138700 6200 FORAATCL, *** 5K, '* S *',31,'% SELLING ',40'% METHOD ),™",
13800 19KA('* SAR ),'RLLXR)

138900 WRITE(KW,6210)

130000 6210 FORMATCLY, '* ,2K, 'CB" 2, '*,2X, 1 * * RICE § *',4%,'1",4 X,
19100 1'*,8, 020 4K % 4K, 130 4K, T K, 18X, L 0K,

12200 2% ROADS * LA * XID * TRUX * (ONSTANTS **)
13930 WRITE (KM, 6220)

130800 6220 FORWAT(LX % 7, "% S** (Y0) * (M) * (M) *,
10500 10 ME) * M) e e () xo @ x ad v,
139600 23,'(z4) * XN

139700 WRITE (KW, 6100)

139800 WRITE (KW,6115)

139900 00 8020 I=1,M

140000 (WG

140100 OKC  VARIABLES USED TO CONTROL OUTPUT

140200 O

140300 K = IVAR(D)

140400 N = N9+

140500 N = N5+1

140600 M = M+

140700 WRITEGM,6230) CUK), IVR(L) ACTMB), (ALLL ) 04,16, (AL, ),
140800 1JWNG,N),P(D)

140500 6230 FORATCLY, '+, 1X,F7.2,10, ' *,1X, 'X* 12, '+ ,5F10.2, 9%, #10.2,
181000 1'% IXF9.2,1X, %)

141100 8020 CONTINE

141200 WRITE(KW,6115)

141300 WRITE (KW, 6100)

141400 WRITE (KW, 6110)

141500 OKC

141600 OWC  PRINTS OUT C BAR ROW

141700 0K

141800 WRITE(KW,6260) (QMZ(J) ,J=B,N), WLLE .
141900 6260 FORMATCLX, '*' 2K, 'C-BAR ROW' ,3X,"*' ,5F10.2,9(,410.2,"*",
142000 IF1LO,'*")

142100 7040 CONTINE

142200 WRITE(KW,6131)

142300 6131 FORMAT(LX,128(**'))

142400 ONC

142500 G CHECK FOR OPTIMAL SOLUTION

142600 OC

142700 [F(OMZMAT.EP)D TO 192

142800 @ ™ 801

142000 25 F(IT.EQ,1)60 T0 €01

143000 26 F(QEM.LT.EP)ED T 191

143100 801 THETA=9.E30

143200 0K

143300 (WG DETERMINE PIVOT ELEMENT IN COLUMN.

143400 GIC DO LOOP CONTROLS SEARCH THROUEH ROWS

143500 OIC

143600 D0 812 T=1M

143700 TF(A(LKOUT).LE.EP)RD TO 812

143800 TH=P (1 )/ACLKOUT)
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143900 F(THETALLT.THD TO 812

144000 GwC

144100 OIC VARIABLE THETA CONTAINS VALUE OF PIVOT ELEMENT AFTER DIVISION.
144200 OAC  IRIN CONTAINS THE NUMEER OF THE PIVOT ROW.
144300 OC

144400 THETA=TH

144500 RIN=]

144600 812 CQONTINLE

144700 GiC

144800 GIC CHECK FOR UNBOUNDED SOLUTION. IF FOURD WRITE OUT MESSAGE
144900 GHC  AND END PROBRAM

145000 QWC

145100 IF (THETA.LT.9.0620)60 TO 507

145200 WRITE(KW, 102)

145300 @ 70 192

145400 191 F(IREP.EQ.0)GD TO 601

145500 GWC

145600 CWC VARIABLE PIVOT CONTAINS PIVOT ELEMENT
145700 QWNC

145800 507 PIVOT=A(IRIN,KOUT)

145900 PCIRIN)=P(IRIN}/PIVOT

146000 OWC

146100 GWC DIVIDE PIVOT ROW BY PIVOT ELEMENT

146200 GHC .

146300 00 521 =1,N

146800 521 A(IRIN,J)=ACIRIN,J)/PIVOT

146500 OWC

146600 (WC DO NECESSARY MATRIX DIVISION AFTER PIVOT ELEMENT AND ROW
146700 O/ IS FOUND. OUTER LOOP CONTROLS COLLMNS; INMER LOOP
146300 OWC  CONTROLS ROWS

146900 G4C

147000 D0 522 J=1N

147100 F(J.EQ.KOUT)R0 TO 522
147200 00 523 1=1,M

147300 IF(1.EQ.IRIN)EO TO 523

147400 AL, 0)=A(L,J) -ACT KOUT )*ACIRIN, &)
147500 523 CONTIME

147600 522 QONTINLE

147700 00 529 1=1,M

147800 OLC

147900 GWC  IF STATEMENT PROTECTS PIVOT ELEMENT
148000 O4C

148100 F(1.EQ. IRIN)) TO 529

148200 OiC

148300 (WC CALCULATE RIGHT-HAND CONSTANTS

148500 P(1)=P(1)-PUIRIN)*A(I,KOUT)

148700 (WC  ZERQ OUT PIVOT COLUMN

148800 OWC

148900 A(I,KOUT)=0.0

149000 529 CONTINLE

149100 EP=EP+.5E-6

149200 CI(IRIN)=C(KOUT)

149300 IVAR(IRIN)=QWR(KOUT)

149400 OWC

149500 (WC  SET PIVOT ELEMENT TO 1.0

149600 GiC

149700 A(IRIN,KOUT)=1.0

149800 @ 70-1%4

149900 (WC

150000 GIC WRITE QUT SUMWRY (F METHOOS PICKED FROM LP
150100.G6C

150200 192 CONTINUE
150300 11=0

150400 OiC

150500 OIC  ITOT KEEPS TRACK
150600 GIC TSSUM IS THE SIM
150700 QWC

150800 1101=0
150000 INMIP=0
151000 TSSWM=0.0

151100 00 9431 DELPM=1,25

151200 9431 (ONTINLE

151300 D0 9433 IHELPY=1,4

151400 IARR(THELPY)=0

151500 RC(IHELPY)=0.0

151600 LIXIHELPY)=0.0

151700 K(IHELPY)=0.0

151800 K{HELPY)=0.0

151900 9433 QONTIMLE

152000 DRPH=0.0

152100 IMRPC=0.0

152200 IMPH=0.0

152300 IMPC=0.0

152400 SMSPH=0.0

152500 UMSPC=0.0

152600 IMIPH=0.0

152700 SMIPC=0.0

152800 IMI0T=0.0

152900 WRITE (KW, 6500)

153000 6500 FORMAT(1X,16(***), 57X, ' **** 40K, 12(' *'),/,1X,16("*'),
153100 157X, et 40K, 120'%),/,1X, 16('*'), X,

153200 2*ABOVE VALLES IN C-8AR ROW',23X, ‘%! 6X,

153300 TABOVE VALLES IN C-BAR ROW',9K,12(**'),/,IX,16('*'),
153400 49X, 'FRE PENALTY COSTS',31X, ' ' 6X,

153500 SUARE SHADOW PRICES',17X,12(* *'),/,1X,16(" %'}, 57X, *ok*
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153600 BA0X, 120 '),/ 1X, 16 1% ) 57X, Poewt 40K, 12" %),
153700 7 ,1X,128('*'))

153800 WRITE (KW, 8H2)IT

153900 8042 FORMAT(IHL,2(/),37X, 'AFTER *,13," ITERATIONS THE CPTIMM',
154000 11X, 'SOLUTION COGISTED GF:*

154100 Y, IX 128('*'),/,25X, ‘ROAD" SX ‘ROAD' ,4X,

154200 2'LANDING CONST A%, 'LANDING CONST 52X 'TOTPL',/,
154300 31X, 'METHOO' , 6%, VT ,5X, 'CONST" ,4)(, YonsT! A%,
154400 4 AND* A%, 'SYSTEM' ,4X, ' AND* ,8X, *SYSTEM' ,3X, 'SKITDING',
154500 54X, 'SKIDDING* ,4X, *TRUCKING' ,4X, ‘TRUCKING * ,4X, 'METHOD'
154600 6/, GX #2X, PRG’OZTIO“'

154700 lSX "HORS! 4X 'COSTS! 12X 'HXRS', 12X, 'COSTS !,
154800 76X, 'HRS', 7X 'CosTS! 7X KIRS' 7X 'COSTS' SX '00sTS*,/)
154900 00 1012 Itl M

156000 00 1012 K=1,N€TH

155100 K2K+1

155200 F(IVAR(1).EE.K2) G0 TO 1012

155300 H=11+1

155400 IRR(11)=IVAR(1)-1

156500 TSSUM=TSSWMEP( 1)

155600 [TOT=110T+1

155700 PROP(11)=P(1)

155800 12p= IARR(11)

155900 RC(12P)=LOGMET(2, 12P)#ROP(11)

156000 LD(12P)= 0MET(3, 12P)*ROP(11)

156100 SK(I2P)=LOGMET (4, 12P)*ROP(11)

156200 K(12P)=LOGMET(5,12P*R0P(11)

156300 INMIP=INMIP+1

156400 ROADMC=RC(12P ) *MEHC

156500 LAOMC=LD(12P ) DZRHC(ILOZR HSYSML)

156600 SKIDMC=SK (12P ) *MSKHC

156700 TRUMC=TK(12P ) *MTKHC

157700 SMTOT=SLMIOT+

157800 WRITE(KW,8087) LARR(11) ,PROP(11),RC(12P) ,ROADMC,LD(T2P),
157900 1LAVOMC, SK(IZP) SKIOMC, TK(12P), TRUCMC, TOTHRM

158000 M?FMTGX 14,6X,F6.2, 1XF911XF808XF9 1,9%,F8.0,2X,
158100 1F9.0,4X, FG.O 3X,! F9.1 4X,F8 0,1%,79.0)

158200 1012 ONTIME

158300 WRITE (KW, 8048)

158400 NFMT(IZXJ(‘ 3,1%, 900 -1), 1%, 80« ), 8X, (' "), 9K

158500 18(*-'),2%,%( "~ ')4XK ='),3,%"- ')4XK‘ ')1X9(‘ )]
158600 WRITE (KW, 8049) TSSUM, SUMRPH, SUMRPC, SIMLPH, SUMLPC, SIMSPH,
158700 19MSPC, SUMTPH,, S.MTPC SMIOT

158800 8049 FG'M\T(lX TOTALS:* 5XF6 2,1x,F9.1,1x,F8.0,8%,F9.1,9%,
158900 1F802X,F904X,F803XF914XF801XF90/,
159000 21X,128(**'))

159100 GROSSVPROCPOATOTLIL

159500 WRITE (K, 8065 GROSSV, PROCPC

159600 8065 FGN\T(Z(/) 1X, 91(‘*' J/,1X, '(A) TOTAL DELIVERD PRICE®,
159700 11X, '0F HWARVESTED TIMBR: * ,2X,F13.0,7X, 'UNIT PRICE: *,3X,F8.2)
158800 bRITE(IOI 80B0)GRMLC, GNHC

159900 8060 FGW\T(IX '(B) TOTAL HARVESTING COSTS (THOSE CONSIDERED):*
160000 1,1x,F13,0,7X, "UNIT COSTS:*,3X,F9.2,/,54%,7( ") , 24X,
160100 (1)

160200 WRITE(KW,8070)VALLE,, INITHC

160300 8070 FCRMAT(26%, ‘DIFFERENCE: (A)-(B):*,2X,F13.0,21X,F9.2,/,
160400 191(''))

160500 CALL SENS(N,M)

160600 SToP

160700 END

160800 SUBROUTINE SENS(N,M)
160900 C

161000 CraTHIS SUBROUTINE IS THE EXECUTIVE ROUTINE TO INITIALIZE THE
161100 € SENSITIVITY ANALYSIS.

161300 COMEN C(25),P(25),0M2(25) ,A(25,25),20(25) , IVAR(25) ,PCOST (25)
161400 1, HAD0(25),0.(25) ,Qu(25),0P(25) ,0L0(25) , BP(25) ,B.0(25)
161500 2,B(25),(C(25),JWR(25)

161600 3,IAR(4) PROP(4) ,RC(4) .LD(4) ,K(4) ,TK(4)

161800 Qoo IRST, THE LIMITS ON EACH C(J) ARE FOND. TF X(L) IS A BASIC
161900 C WM&E THEN SUBROUTINE CBAS IS CALLED, OTHERWISE SUBROUTINE

162000 C  CNONB IS USED FOR NONBASIC X(L). IF x(w 1 BASIC, NOE IS ST

162100 C YO 1, OTHERWISE ACLE REMAINS O.

162200 €

162300 K=0
162400 K=
162500 5 NCE=0
162600 KK+l

162700 L=JWR(K)

162800 IF{K.GT.N)E0 TO 15
162900 00 10 I=1,M
163000 KV=IVAR(I)

163100 IF(L-KV)10,20,10
163200 20 NOE=1

163300
163400
163500
163600
163700
163800

163900 C

10 CONTINE
IF (NCLE-1) 25,30,25
25 CALL CNONB(K,N,M)

[c VR IVIE]
30 (ALL CBAS(K,N,M)
@S5

164000 O h0W, SUROUTINE BRANG IS CALLED TO DETERMINE THE RANGES ON THE

164100 C
164200 C

164300

164400 C

RIGHT HAND SIDE CONSTANTS B(I).
15 CALL BRANG(N,M)

164500 (ot THE FINAL STEP IS TO WRITE THE REPORT. FIRST, THE SHADOW PRICES

164600 C  AND PEMALTY COSTS ARE WRITTEN. NEXT, THE RANGES ON THE BASIC
164700 C AND NONBASIC C(J) ARE WRITTEN. THEN, THE B(I) RANGES ARE
164800 C DISPLAYED, AND THE SENSITIVITY ANALYSIS IS COMPLETED. OWRING THE
164900 € WRITE ROUTINES, THE SUBROUTINE CHECK IS CALLED, WHICH [ETERMINES
165000 € IF X(J) IS BASIC (R NONBASIC IN THE OPTIMM TABLEAU.
165100 C

165200 WRITE(KW,1U0)

165300 WRITE (KW, 1000)

165400 WRITE(KW,101)

165500 WRITE (KW, 102)

165600 k=0

165700 11 K=+l

165800 F(K.GT.N) 60 TO 31

165900 CALL CHEOK(K,NOLE,N,M)

166000 F(NQE-1) 21,11,21

166100 21 WRITE(KW,103) IVAR(K),POOST(K)

166200 CX

166300 CX

166400 CK  WRITES OUT NON-BASIC VARIABLES AND PENALTY COSTS
166500 CX

166600 CX

166700 CX

166800 @il

166800 31 WRITE(KW,149)

167000 CX

167100 CX

167200 CX  WRITES OUT ROW NOMER AND SHADOW PRICES

167300 CX

167400 CX

167500 00 2 I=1,M

167600 22 WRITE(KW,108) 1,20(1)

167700 WRITE(KwW,104)

167800 WRITE(KW,105)

167900 K=0

168000 40 K=K+l

168100 F(K.GT.N) 60 10 60

168200 CALL CHECK(K ,NCLE, N, M)

163300 IF(NQE-1) 50,40,50

168400 50 WRITE(KW,106) JVAR(K),QL(K)

168500 CX

168600 CK

168700 CX  WRITES OUT RANGES ON NON-BASIC C(J), VARIABLE (DDE
168800 CX  AND ITS LOWKR LIMIT

168900 CX

169000 CK

163100 @ 10 40

169200 60 WRITE(KW,107)

169300 WRITE (KW, 108)

169400 k=0

169500 70 K=K+l

169600 F(K.GT.N) @ T0 90
169700 (AL OED((K NQLE,N,M)
169800 IF(NQLE) 70,70,80

169900 80 WRITE(KW,109) WAR(K) ,0LO(K) ,OP(K)
170000 CK

170100 CX

170200 CK  WRITES OUT RANGES (N BASIC C(J), WRIAALE LOWER LIMIT, AD
170300 CK VARIABLE \PPER LIMIT

170800 CX

170600 CX

170600
170%0
170800
170800
171000

[ R Y
90 WRITE(KW,110)
WITE(KW,111)
00 9% I=1,M
WITE(KW,112) 1,B.0(1),80P(1)

171300 CX  WRITES OUT VARIABLE COCE AND UPPER AND LOWER LIMIT OF B(I)
171400 CX
171500 CX

171600
171700
171800
171900
172000

9 CONTINE

100 FORMAT(1HL, 25K, 'SENSITIVITY ANALYSIS' ,2(/),
110X, "NOTE: . VARIABLE CODE NMBERS USED IN SENSITIVITY',/,
210, ANALYSIS ARE NOT EASY TO CORRELATE WITH QUTPUT*,/,
310K, 'CCLLMIS AND ROMS FROM LP MATRIX' /7,
410X, 'USERS FAMILAR WITH LP SHOLLD MAE CHANGES IN',/,
SIQK,* INPUT COSTS (CJ) AND RESOLRCE LIMITS (8) T0*,/,
610X, *BECIME FAMILAR WITH THE SEMSITIVITY AWALYSIS AS IT*,/,
70X, ‘APPLIES TO THE CONVEX~ ISOQUANT-HETHOD FCRMULATION' /,
810X, 'USED IN L-0-5-T*,//)

101 FORMAT(10X, 'ON-BASIC® 12X, "PENALTY')

102 FOWAT( 10X, 'VARTABLES 13X, 'COST" ,/)

103 FIRMAT(13X, 12,13X,F12.3)

104 FORMAT(A(/) ,3X, 'RANGES ON NON-BASIC C(J)',/)
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173000 105 FRMAT(I0X, 'VARIABLE " 11X, "LOWER LIMIT* ,/)
173100 106 FORMAT(13X, 12,14X,F11.3)
17200 107 FORMAT(4(/) ,3X, 'RANGES ON BASIC C(J)*,/)
173300 108 FORMAT(I0X, ‘VARIABLE' 11X, 'LOWER LIMIT*,11X,'(PPER LIMIT',/)
173800 109 FORMAT(13X,12,14X,F11.3,11X,F11.3)
173500 110 FORMAT(4(/) ,3X, 'RANGES ON B(I)*,/)
173600 111 FCRMAT(14X, I ,14X, 'LOWER LIMIT' 11X, ‘WPPER LIMIT' /)
173700 112 FORMAT(13x,12,14X,F11.3, 11X F11.3)
173300 149 FERMAT(3(/), 13X, 'ROW' 15X, 'SHADOW' ,/, 12X, "NIMBER* , 13X,
B0 RIS,/
174000 1000 FCRMAT(IX, 'SHADOW PRICES ARE CHANGE IN OBJECTIVE FINCTION',
174100 10X, 'VALLE PER UNIT CHANGE',/,6X, ' IN RIGHT HAND SIDE',
174200 21X, ‘CONSTRAINTS. ' ,2(/),1X, 'PENALTY COSTS ARE CHANGE,
174300 31%,'IN OBECTIVE FUNCTION VALLE PER NIT',/,6X,
174400  4'INCREASE IN NON-BASIC VARIARLES.',2(/),1X,
174500 S'RANGES ON C(J) REPRESENT LIMITING VALLES OF COST',
174600 61X, 'COEFFICIENTS, THAT' ,/,6X, 'WILL NOT CHANGE THE CPTIMM',
174700 71X, 'SOLUTION',2(//),2X, 'RANGES ON B(I) REPRESENT LIMITING',
174800 BLX, 'VALLES OF RIGHT HAD SIDE CONSTRAINTS',/,6X, ‘THAT WILL',
174900 91X, 'NOT CHANGE OPTIMUM BASIC VARIARLES.',2(/))
175000 RETIRN
175100 )
175200 SUBROUTINE CHECK (K, NOLE N, M)
175300 COMMN C(25),P(25),0MZ(25) ,A(25,25),20(25) , IVAR (25) , PCOST (25)
175400 1,S400(25),0 (25),00(25),0LP(25),0L0(25) ,BP(25) ,A.0(25)
175500  2,B(25),00(25),JMR(25)
17560 3,1ARR(4),PROP(4) RC(4) ,LD(4) ,K(4) ,TK(4)
175700 € .
175800 OverTHIS ROUTINE CHECKS TO SEE IF THE INEX OF X(L) MATCHES THE
175000 C  INDEX OF ANY OF THE OPTIMUM BRSIC VARIABLES, IF THERE
176000 C IS A MATCH, NXE IS SET 10 1, OTHERWISE A VALLE OF ZER0 IS
176100 C  RETLRNED.
176200 €
176300 L=MR(K)
176400 NQLE=0

© 176500 00 10 I=1,M
176600 KV=IVAR(])
176700 F(L-kv) 10,20,10
176800 20 NQUE=1
176300 10 CONTINE
177000 RETWRN

177100 END .
177200 SUBROUTINE ONONB(K,N,M)
177300 €

177400 CravrxTHIS ROUTINE OETERMINES THE LOWER LIMIT FOR NONBASIC C(J).

177500 C THE METHDD LSED IS TO FIND THE MINIMUM VALLE OF C(J) SUCH THAT
177600 € CBAR(J) IN THE CPTIMIM TABLEAU REMAINS NEGATIVE, THUS MAINTAINING
177700 C OPTIMALITY (F THE CLRRENT SOLUTION.

177900 COMDN C(25),P(25),(M2(25) ,A(25,25),20(25) , IVAR(25) ,PODST(25)
178000 1,9400(25),0.(25),Q4(25) ,0P(25),0L0(25) ,BP(25),BL.O(25)
178100 2,B(25),0(25) ,JWR(25)
178200 3, I?RM) LROP(4) ,RC(4) ,LD(4) ,5K(4),TX(4)

E

178400 =0,

178500 10 KV=IVAR(J)

178600 T=T2HL(KV)*A(J,K)
FHL

178800 F(J.GT.M) GO T0 20
178900 @M1

179000 20 Q.(K)=ZZ

179100 QU(K)=999999.

[
179300 Ceawer INCLLDED IN THIS ROUTINE IS THE IDENTIFYING OF THE PENALTY
179400 C C0ST (F THE NONBASIC VARIABLES. 1T SHOULD BE
178500 C NOTED THAT IF THE PENALTY COST OF ANY NONBASIC X(J) IS ZERO,
179600 € THE PROGLEM HAS AN ALTERMATIVE OPTIMUM SOLUTION USING X(J).

179800 POOST(K)-OML(K)
RETIRN

179900

180000 0

180100 SUBROUTINE CBAS(K,N,M)
180200 €

180300 ¢ THIS SUBROUTINE DETERMINES THE RANGE ON OPTIMAL BASIC C(J)

180600 DIMENSION ZS(60)

180600 COMMON C(25),P(25),M2(25) ,A(25,25),20(25) , IVAR(25) ,POOST(25)
180700 1,54A00(25),0.(25),00(25),0P( 25),0L0(25) ,BP(25) , BLO(25)
180800 2,8(25),0C(25),JWR(25)

i&l)g; 3,1ARR(4),PROP(4) ,RC(4) ,1.0(4) ,K(4), TK(4)

8 [

181100 Ot IRST, A MAXIMUM LIMIT IS SET ON THE UPPER AND LOWER BOUND
181200 ¢ FOR C(J). IF THE FINAL RESWLT IN THE QUTPUT IS THIS

181300 ¢ MAXIMM VALLE IT CAN BE ASSUMED THAT THE LIMIT DOES NOT EXIst.

181500 OUP(K )=999999.

181600 Q.0(K)=-999999.

181700 C

181800 OwaeerTHE LIMITS ON BASIC C(J) ARE DETERMINED BY THE VALLES OF THE
181900 C  NONBASIC C(J)'S. EACH NONBASIC C(J) IS TREATED SEPARATELY, AND
182000 C A LIMIT ON C(J) IS DETERMINED BY FINDING THE MAX (R MIN VALLE
182100 C  C(J) MAY HAVE IN ORDER TO MAINTAIN THAT CBAR(J) NEGATIE.

182200 ¢
18230 F0
182400 10 J=¢l

182500 F(JLGT.N) GO T0 75
182600 C

66

22—

182700 O+++75(J) IS THE VALLE OF THE SUM OF THE INNER PRODLCTS OF CB AND
182800 C  ABAR, EXCLWDING THE TERM INVOLVING THE BASIC C(J).
182900 ¢
183000 IS(9=0.
183100 =0
1800 15 I=l+1
183300 F(1.GT.M) GO T0 20
183400 TF(JWR(J) .EQ. IVAR(1)) GO TO 10
183500 @ T0 15
18300 20 L=0
183700 22 L=i+l
183800 25 FF(L.GT.M) GO TO 30
183900 LV=IVAR(L)
184000 F(LV.EQ.JWR(K)) &0 TO 35
184100 IS(D =T NHLLVIAL )
QM 22

184200

18430 35 NI=L
184400 @ T 2
184500 €

184600 Ok lF AGNL,J) IS SWALL, IT IS IGNORED BECALSE IT APPEARS IN THe
184700 C  CENOMINATOR. OTHERWISE, IF IT IS POSITIVE, A LOWER LIMIT s
184800 C  FOUND, AND IF IT IS NEGATIVE, AN WPPER LIMIT IS FOND, THESE
184900 C  VALLES ARE THEN COMPARED TO THE PRESENT LIMITS, IF THEY ARE MORE
185000 C  RESTRICTIVE THAN THE PRESENT LIMITS, THE PRESENT LIMITS ARE
185100 C  REVISED.

185200 C

185300 30 F(ABS(ANI,J)).LT.1.E-(8) GO TO 10

185400 F(ANNI,J) 40,10,50

185500 40 TQU= (C(J)-IS(d))/ANI,J)

185600 F(TCU,LT.QP(K)) CP(K)=TCU

185700 @ ™ 10 .

185800 50 TQL= (C(J)-Z5(J))/ANNI,J)

185900 F(TQL,GT.QL0(K)) CLO(K)=TOL

186000 @ T0 10

186100 75 CONTINE

186200 RETLRN

186300 END

186400 SUBROUTINE BRANG(N,M)
186500 €

lmsamwm CC""***THIS ROUTINE CETERMINES THE RANGES ON ALL B(1).

186800 DIMENSION PPRIME(40)

186900 COMMON ((25),P(25),0MZ(25) ,A(25,25),20(25),, IVAR(25) ,PCOST(25)
187000 1, SHAI0(25),0L.(25),0U(25),,0UP( 25),0L0(25) ,BP(25) ,BLO(25)
187100 2,8(25),0C(25),JWR(25)

187200 3'213&(4) »PROP(4) ,RC(4) LDX4) ,5K(4),TK(4)

187300

187400 30 KX+

187500 F(K.GT.M)& T0 35
187600 C

g% Ornoe INITIAL (PPER AND LOWER BOUNDS ON B(K) ARE SET.
c

187900 BUP(K)=999999,

188000 BLO(K)=-999999.

188100 =0

188200 20 I=+1

183300 F(1.6T.M) &0 10 0
188400 C

188500 CearedPPRIME IS THE VALLE OF THE SUM OF THE INNER PRODUCT B-INVERSE

188600 ¢ TIMES B(1), EXCLIDING THE TERM INVOLVING THE B(K) %E ARE FINDING
188700 C  LIMITS FQR.

188800 C

188900 PPRIME(1)=0.

189000 >0

189100 10 Jedvl

189200 FF(J.GT.M) & T0 25
189300 IF(J.EQ.K)A0 TO 15
189400 PPRIE%)*PRM(I)M(I,J)'@(J)

189500 €O
189600 15 NI=J
189700 @M1
189800 €

189900 QW+ F AL, NI) IS SWALL, IT IS IGNIRED, PRESENT LIMITS ARE They

190000 C  REVISED IF IWROVEMENTS ARE POSSIALR.

190100

190200 2 IF(ABS(A(,NI)) LT.L.E-B) GO T0 20

19030 F(A(IND) 2,20,27

190400 26 TRI=PRRIME()/A(I,NI)

190600 F(TBU.LT.BP(K)) BP(K)=TRY

190600 @M

190700 27 TRL=-PPRIME(I )/ACI,NT)

190800 F (TEL.GT.B.0(K)) BLO(K)=TAL
@020

190900

191000 35 RETWRN
191100 N
181200 /&0

data cards go here
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L-O-S-T is a FORTRAN computer program developed to
systematically quantify, analyze, and improve user selected
harvesting methods. Harvesting times and costs are com-
puted for road construction, landing construction, system
move between landings, skidding, and trucking. A linear
programming formulation utilizing the relationships among
marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having
maximum profits.
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